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AEEPRACT 

The prpose of tha xnvestigation was to develop and evaluate 

phosphonitrllrc fltiere%s~?omer compounds for O-ring hydraulic seal 

applIX%tLOXXS, FcrmuPatzoca were sought which would be serviceable 

in hydrauP~c fl.uids aver the temperature range of -8OOF to bOOoF 

(-62OC to 264"6)* 

The polymel- used in $his investigation was a phosphonitrilic 

fluoroe%astomer F?'FgrP,red z_n the Central Research LaboratorIes of 

The Firestone Tore & Rubber Company and having the following formula: 

c 
0CH2(CF2$CF2H n 

1 

The polymer contained svfflclent cure sites to attain good curability 

with mnvent~onai peroxade curatives, 

En addltxorr to the low temperature flexibility indicated above 

the f&lowing target values were adopted for this investigation: 

TenslIe &ran&h = l?OG psgq elongati.on at break - l25%, 100% 

modulus - 803 per, Shore hardness - 70, compression set (70 hrs.d 300°F) 

- #XI%? 

Thus lnvestagatlon was conducted under Contract No, DAAG46-74-C- 

0066 from the UC 5, Army Materi3Ps and Mechanics Research Center, 

Watertown, Kissachusettb: 02172, The effects of reinforcing agents, 

vulcanlzarion agent,=, and stabilizers on compound properties were 

lPWe&Stlgated, Effor*.s were made to optimize curing times and tempera- 

tures; stress-strain pqertscs; hardness; compression set; tear and 

ABSTRACT 

l'he purpose of this :lnvestigation was to develop and evaluate 

phosphonitril~c iluurelas1:omer compounds for O-ring hydraulic seal 
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in hydraulic fluids over the temperature range of -BooF to 400°F 
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The polymer contained suff.lc.lent cure sites to attain good curability 

wi th ccn\Tentional pero:nde curat.l veso 

In addltl.On to the low temperature flexibility indicated above 

the following target values were adopted for this investigation: 

Tensl.le strength = 1500 PSl.. elongation at break - 125%, 100% 

modulus - 800 pcl., Shore hardness - 70~ compression set (70 hrs.@ 300°F) 

TIn.s l.nvestlgahon 'was conducted under Contract No~ DAAG46-74-c-

0066 from the IT, S~ Army Materi":lls and Mechanics Research Center, 

Watertown, Massacrll.l.SettB 02172c The effects of reinforcing agents, 

vulca.nization agents and stabilizers on compound properties were 

l.nvecbgatedo Efforts were made to optimize curing times and tempera-

tures; strefis=strair:l propert:u~s, hardness; compression set; tear and 



abrasion resistance; fluid, water, steam and acid resistance, and low 

tempera%ure flexibility. 

In addition, the Seal Group of Parker Hannifin fabricated O-ring 

seals from selected stocks and conducted dynamic extrusion and ehew 

tests on the seals, These tests showed the best phosphonitrilic fluoro- 

elastomer O-ring compound to be the following: 

Polymer K-17638 100,O parts 

Quso WR 82 30-O parts 

Stan Mag ELC 6,O parts 

Stabilizer - (8HQ)2Zn 2.0 parts 

Union Carbide Silane A-151 200 parts 

Vulcup R O-4 parts 

This formula%ion afforded the best balance of stress-strain properties, 

hardness, compression set resistance, hydraulic fluid resistance and 

heat resistance, O-rings fabricated from this formulation should be 

serviceable fop extended times over the temperature range of -70° F to 

350" F (-57O C to 177O C). 

In related studies experiments were conducted on the coating of 

stainless steel cable with phosphonitrilic fluoroelastomer compounds. 

A good quality coating of approximately 0,031" thickness was obtained 

by passing the cable through a crosshead extruder followed by vuleaniza- 

tion of the coating fop 1 minute at 392" F (steam). 

Phosphonitrilic fluoroelastomer compounds show limiting oxygen 

index (LOI) values of 50-&Y depending on the type and level of filler 

incorporated in the compounds, l'nese nigh IDI values add still another 

dimension to tne applieabili%y of phosphonitrilic fluoroelastomers in 

hi&y sophnstlcated environments, 

abrasion resistance, fluid, water, steam and acid resistance, and low 

temperature flexibility_ 

In addition~ the Seal Group of Parker Hannifin fabricated O-ring 

seals from selected stocks and conducted dynamic extrusion and chew 

tests on the 6eals~ These tests showed the best phosphonitrilic fluoro

elastomer O-ring compound to be the following: 

Polymer K~17638 100.0 parts 

QUso WR 82 30 .. 0 parts 

stan Mag ELC 600 parts 

Stabilizer - CBHQ)2Zn 2.0 parts 

Union Carbide Silane A-151 200 parts 

Vulcup R 0 0 4 parts 

This formulation afforded the best balance of stress-strain properties, 

hardness, compression set resistance, hydraulic fluid resistance and 

heat resistance~ O~rings fabricated from this formulation should be 

serviceable for extended times over the temperature range of -700 F to 

3500 F (-570 C to 1770 C). 

In related studies experiments were conducted on the coating of 

stainless steel cable with phosphonitrilic fluoroelastomer compounds. 

A good quality coating of approximately 0.031" thickness was obtained 

by passing the cable through a crosshead extruder :followed by vulcaniza

tion of the coating for 1 minute at 3920 F (steam). 

Phosphonitrilic fluoroelastomer compounds show limiting oxygen 

index (LOI) values of 50-60 depending on the type and level of filler 

incorporated in the compoundso These high L01 values add still another 

dimens10n to ~he applicability of phosphonitrilic fluoroelastomers in 

highly Soph1sticatea environmentso 



This rnvestigation has clearly established that phosphonitrilic 

fluoroelastomers have potential for applications demanding extreme low 

temperature flexibility, outstanding fluid resistance, good heat resis- 

tance and good dynnmic properties. O-ring seals are one such 

application for which no existing commercial elastomer currently has 

met the ful.l range of properties required. 

This investigation has clearly established that phosphonitrilic 

fluoroelastomers have potential for applications demanding extreme low 

temperature flexibility, outstanding fluid resistance. good heat resis

tance and good dynnmic properties. O-ring seals are one such 

application for which no existing commercial elastomer currently has 

met the full range of properties required. 
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INTRODUCTION 

Phosphonitrilic fluoroelastomers are a new class of petroleum 

resistant polymers which exhibit excellent low temperature flexibility 

and solvent resistance and good heat resistance. Preliminary compounding 

studies have demonstrated that phosphonitrilic fluoroelastomers can be 

vulcanized and reinforced with conventional agents to give high quality 

(1) materials 0 

In earlier work, phosphonitrilic fluoroelastomers were used for 

fabrication of Arctic fuel hose (2) , lip seals (3) 1 and for O-ring 

seals and gaskets (4,s) 0 This investigation wns directed toward the 

further development of phosphonitrilic fluoroelastomers for O-ring 

hydraulic seal applications requiring servicibility over the tempera- 

ture range of -8OOF to 400°F (-62OC to 204OC), 

This work was conducted under Contract No. DAAG46-74-C-0066 from 

the U. S, Army Materials and Mechanics Research Center (AMMRC), Watertowq 

Ma. 02172, The rubber utilized in this study was phosphonitrilic 

fluoroelnstomer suuplied to AMMRC by The Firestone Tire and Rubber 

Company under Contract No, DAAG46-74-C-0047. 

The phosphonitrilic fluoroelastomer utilized in this investigation 

had the following general formula: 

I ! 
0CH2(CF2)3CF2H]n 

INTRODUCTION 

Phosphonitrilic fluoroelastomers are a new class of petroleum 

resistant polymers which exhibit excellent low temperature flexibility 

and solvent resistance and good heat resistance. Preliminary compounding 

studies have demonstrated that phosphonitrilic fluoroelastomers cart be 

vulcanized and reinforced with conventional agents to give high quality 

materials (l)~ 

In earlier work, phosphonitrilic fluoroelastomers were used for 

fabrication of Arctic fuel hose (2), lip seals (3), and for O-ring 

(4 5) seals and gaskets ' • This investigation Wr1.S directed toward the 

further development of phosphonitrilic fluoroelastomers for O-ring 

hydraulic seal applications requiring servicibility over the tempera-

ture range of -BooF to 4000 F (-62°C to 204oc) .. 

This work was conducted under Contract No. DAAG46-74-c-0066 from 

the U. S. Army Materials and Mechanics Research Center (AMMRC) , Watertow~ 

Ma. 02l72~ The rubber utilized in this study was phosphonitrilic 

fluoroelastomer supplied to AMMRC by The Firestone Tire and Rubber 

Company under Contract No~ DAAG46-74-c-0047. 

The phosphonitrilic fluoroelastomer utilized in this investigation 

had the following general formula: 



Sufficient cure sites to achieve good curability with conventional 

peroxide curing agents were incorporated into the polymer, The polymers 

in Table I differed only in cure site level. 

This type of polymer is prepared by thermal polymerization of 

cyclic chlorophosnhazene trimer and tetramer to yield a soluble linear 

polydichlorophosphnzene. The reactive chlorine-phosphorus bonds in the 

chloropolymer are then substituted with the appropriate fluoroalkoxide 

mixtures to yield the desired phosphonitrilic fluoroelastomers, 

These elastomers are characterized by very low glass transition 

temperatures, excellent resistance to hydrocarbon fluids, resistance to 

hydrolysis and good resistance to thermal degradation or crosslinking, 

Phosphonitrilic fluoroelastomers respond well to reinforcement with 

reinforcing agents such as silicas or carbon blacks, Conventional 

peroxide curing agents can be utilized to develop a range of vulcanizate 

properties which make these elastomers suitable for a broad spectrum of 

applications. 

This report summarizes work which was performed to further investi- 

gate the properties of phosphonitrilic fluoroelastomer vulcanizates and 

to optimize the properties for use in O-ring hydraulic seals, The target 

values for physical properties critical to O-ring performance were: 

tensile strength - 1500 psi, 100% modulus - 800 psi, elongation at break 

- 125%:, compression set (70 hrs,@300°F) - 20% and hardness - 70 Shore A, 

A dynamic testing program was utilized to further evaluate the perfor- 

mance of vulcanizates which appeared to have potential in O-ring 

hydraulic seals, 

Sufficient cure sites to achieve good curability with conventional 

peroxide curing agents were incorporated into the polymer. The polymers 

in Table I differed only in cure site level. 

This type of polymer is prepared by thermal polymerization of 

cyclic chlorophosphazene trimer and tetramer to yield a soluble linear 

polydichlorophosphazene. The reactive chlorine-phosphorus bonds in the 

chloropolymer are then substituted with the appropriate fluoroalkoxide 

mixtures to yield the desired phosphonitrilic fluoroelastomersQ 

These elastomers are characterized by very low glass transition 

temperatures~ excellent resistance to hydrocarbon fluids, resistance to 

hydrolysis and good resistance to thermal degradation or crosslinking~ 

Phosphonitrilic fluoroelastomers respond well to reinforcement with 

reinforcing agents such as silicas or carbon blacks. Conventional 

peroxide curing agents can be utilized to develop a range of vulcanizate 

properties which make these elastomers suitable for a broad spectrum of 

applications. 

This report summarizes work which was performed to further investi

gate the properties of phosphonitrilic fluoroelastomer vulcanizates and 

to optimize the properties for use in O-ring hydraulic sealso The target 

values for physical properties critical to O-ring performance were: 

tensile strength ~ 1500 psi, 100% modulus - 800 psi, elongation at break 

- 125%, compression set (70 hrso@300 0 F) - 20% and hardness - 70 Shore A$ 

A dynamic testing program was utilized to further evaluate the perfor

mance of vulcanizates which appeared to have potential in O-ring 

hydraulic seals~ 



SUMMARY 

Phosphon.~tralic fluoroelastomers were compounded in a variety 

of formulatzons In an effort to produce O-ring seals which would 

perform for extended periods in hydraulic fluids over the temperature 

range of -800~ to 4NPF. Several types and levels of fillers were 

evaluated in con3unction with a variety of peroxide curing agents in 

phosphonitrllic fluoroelastomers to provide stocks having optimum 

stress-strain propertIes, hardness, compression set resistance, tear 

and abrasion resistance, heat resistance, hydraulic fluid resistance, 

chemical resistance and maximum low temperature flexibility. 

A significant effort to optimize processibility of the stocks in 

conventional rubber processing equipment was also made., Various 

mixing eondltlons and processing additives were investigated. 

Stocks were developed to yield economical3.y feasible cure times 

in existing commercial U-ring fabrication processes. The judicious 

choice of curing agents, curing temperatures, and curing ,times yields 

stocks which process quite acceptably wrthout major modifications of 

existing O-r3ng fabricataon processes. 

The cornpoundIng studaes conducted under this contract have shown 

that sriane-treated sll,Lca relnforclng agents provide compounds with 

better heat, ~essstance than compounds filled with carbon blacks. 

Pnosphonltrz.lLe fdscruelastomer vulcanizates appear to have better 

thermal stability In the presence of :norgan,ic f~l,lers than with carbon 

blacks, Elo mechanistic interpretation for these facts is available at 

the presen?. time, 

-2- 

SUMMARY 

Phosphon.l tr~lic fluoroelastomers were compounded in a variety 

of formulations ~n an effort to produce O-ring seals which would 

perform for extended periods in hydraulic fluids over the temperature 

range of -80°F to 400o F. Several types and levels of fillers were 

evaluated in conJunction with a variety of peroxide curing agents in 

phosphonitr11ic fluoroelastomers to provide stocks having optimum 

stress-stra1n propert~es, hardness, compress10n set resistance. tear 

and abras10n res1stance, heat resistance, hydraulic fluid resistance, 

chemical resistance and maximum low temperature flexibility. 

A significant effort to opt1mize processibility of the stocks in 

conventional rubber processing equip~ent was also made. Various 

mixing condJ.tJ.ons and processing additives were investigated. 

Stocks were developed to yield economically feasible cure times 

in existing commercial D-nng fabrication processes. The judicious 

choice of curtng agents, curl.ng temperatures~ a.nd curing times yields 

stocks which process quite acceptably w1thout major modifications of 

eXist1ng O-ring fabricat10n processes. 

The compOllnd.lng stud1.es conducted under this contract have shown 

that sJ.lane~treated si.l.l.ca reJ.nforcJ.ng agents provide compounds with 

better heat resistance than compounds filled with carbon blacks. 

Pnosphonl tr:iJ.lc fl:.1croelastomer vulcanizates appear to have better 

thermal stabl1itYln the presence of 1.norganic f.tl1ers than with carbon 

blacks. No mechanistic interpretation for these facts is available at 

the present tlme. 
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The very demanding mechanical property requirements for O-ring 

hydraulic seal applications suggested the use of highly reinforcing 

fiPlers such as silicas and carbon blacks. Tne current investigation 

concentra%ed on evaluation of vulcanizates containing these two classes 

of fillers rather than the less reinforcing silane treated clays, 

although the Xa%ter filiers could conceivably be utilized as well, 

On the basis of overall mechanical properties and heat resistance, 

Quso WR 82 reinforcing silica appears to be the best filler evaluated 

to date for phosphonitrilic fluoroelastomer O-rings, For optimum 

cures in O-ring compounds, Vulcup R gives the best balance of proper- 

ties, 

The op%imum O-ring formulation developed under Contract No. 

DAAG46-'/4-C-0066 is as follows: 

Polymer K-17638 lOU,O parts 

Quso WR 82 30,O parts 

Stan Wag ELC 6,o papts 

Stabilizer (8HQ)2Zn 2,O parts 

TJnion Carbide Silane A-151 230 parts 

Vulcup R (I,4 Parts 

Phosphonitrilic fluoroelastomer O-rings fabricated from this formu- 

lation exhibit good mechanical properties iabrasIon and extrusion 

resistancej and hea% r-esistance ct.0 J5C0 Fj, excsl2e~lt hydraulic 

The very demanding mechanical property requirements for O-ring 

hydraulic seal applications suggested the use of highly reinforcing 

fillers such as silicas and carbon blacks. Tne current investigation 

concentrated on evaluation of vulcanizates containing these two classes 

of fillers rather than the less reinforcing silane treated clays, 

although the latter fillers could conceivably be utilized as welL 

On the basis of overall mechanical properties and heat resistance, 

Quso 'WR 82 reinforcing silica appears to be the best filler evaluated 

to date for phosphonitrilic fluoroelastomer O-rings~ For optimum 

cures in O-ring compounds, Vulcup R gives the best balance of proper-

tiese 

The optimum O-ring formulation developed under Contract No. 

DAAG46-'/4-C-0066 is as follows: 

Polymer K-176.38 10000 parts 

Quso WR 82 3000 parts 

Stan Mag ELC 600 parts 

stabilizer C8HQ)2Zn 200 parts 

Union Carbide Silane A-151 200 parts 

Vulcup 1\ 004 parts 

Phosphoni trilic fluoroelastomer O-rings fabricated from this formu-

Latino e~libit good me~hanical properties (abrasion and Bxtrusion 

resistance) and heat re81stance (to -,50!) F), excellent hydraulic 

fluid resistance, and excel Lent low temp~rcd. urI'" flexibili ty to 

(-70 0 F). 

This study hC1.6 c.i.ear l;y demonstrated the appJ icabili ty of 

phosphonitrilic :t'luorofdElstomers in high per'formcHwe seals o Fur-

ther rievelnpme!lt~d tn!"fH, materials should provid.f> O-rings with 

outstandi.ug servl,;e 11 fe j n -ve:ry demandl.ng Hp!-11! :;"d.ionf'" 
."3-



Further development is required to fully realize the outstanding 

potential of phosphonitrilic fluoroelastomers in high performance 

hydraulic fluid O-ring seals. The following aspects of phosphonitrilic 

fluoroelastomer compounding should be evaluated further: 

1. Improved interactfon between polymer and filler should provide 

higher modulusI? better compression set resistance, higher 

abrasion resistance and a higher temperature limit, A variety of 

silane couplang agents and reinforclng silxas should be evaluated 

to find the optimum comblnatlon for phosphonltrlllc fluoroelastomers, 

2. Addntional additives for improved mnxing and processing xn 

conventxonaP ruober machxiery shouXd be evaluated, 

30 The mechanism of the degradative process which results in the 

present 35PF service limit for phosphonitrilic fluoroelastomer 

O-rings should be elucadated, Once this mechanism is elucidated, 

additrves to retard the degradative process should be investigated, 

4. An extensive program of fabrication of phosphonitrilic fluoro- 

elastomer Q-rings by injection molding and compression molding 

should be conducted, These O-rings should be evaluated 

tests to f‘uliy determine their strengths and weaknesses 

actual service condxtions, 

in field 

under 
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RECOMMENDATIONS 

Further development is required to fully rea11ze the outstanding 

potential of phosphonitrilic fluoroelastomers in high performance 

hydraul~c fluid O-ring seals. The following aspects of phosphonitrilic 

fluoroelastomer compounding should be evaluated further~ 

1. Improved interact~on between polymer and filler should provide 

hl.gher modulus, better compression set resistance 9 higher 

abras10n resistance and a higher temperature 11mit. A variety of 

silane coupling agents and reinforcJ.ng silJ.cas should be evaluated 

to fl.nd the optl.n1um combJ.natl0n for phosphon~.tTl.llc fluoroelastomers~ 

2. Additional addltives for l.mproved mJ.xing and process1ng 1n 

conventlonal ruober machinery should be evaluated. 

3. The mechan1sm of the degradative process which results l.n the 

present 550°F service limit for phosphonitrill.c fluoroelastomer 

O-rings should be elucJ.dated" Once this mecham.sm is elucidated, 

additJ.ves to retard the degradative process should be investigated. 

4. An extensive program of fabrication of phosphonitrilic fluoro

elastomer O~rings by injection molding and compression molding 

should be conducted, These O-rings should be evaluated in field 

tests to full.y determine their strengths and weaknesses under 

actual serV1ce condltions" 
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The first quarter effort waB directed toward "screeningfg of 

five carbon black and fzve siabica reinforced vulcannzates, ALL of 

these stocks were cured with dicumyl peroxide and contained polymer 

K-17.217 which is ~descr~bed fn Table I, The results of these studies 

are summarized PIP Tables 11 and III, A brief summary of the 

conclusaons from these atudnes are as fskllowsz 

A, Carbon Black Reanforced Stocks (R-a~,264--ago,268)(Table XI> 

1, Mill Processing -- AT% stocks exhibited stick to mill rolls 

at 13O"F, The adda.tion of low MW polyethylene (3 phr) 

Epolene C-jog-G prondes a improvement 

691 mall release,: 

2. Cure ProfnIIe -- APS stocks showed good scorch safety at 335 -p- 

aad 3"7S°F, The time to optimum cure at 37VF ranges from 

3e.S-4,0 mi.m. and 1s P;uftab%e for factory O-rrng cure cycles, 

30 Stress-Strain Propertnes (WC 8 32c)"P) are suitable for a%P _ 

stocks except R-l9Cl,266 which exhibited fairly low tensile 

strength (FEF--MT black reinforcement), Egher values for 

the 100% !%dalms would be desirable fnr a%!! stocks, Press 

cures at 'SW'ii' ut,~,3.iz.kng optimrrm CUFE !.imes reauit in lower 

cure c3tatee., it, may be neasessary to add additional peroxide 

iNVF..sTIGATION 

1. SUMMARY OF FIRST QUARTER RESULTS AND PROORAMFOR SECOND QUARTER 

The first quarter effort was directed toward "screening" of 

five carbon black and f1ve silica reinforced vulcan1zates. All of 

these stocks were cured with dicumyl peroxide and contained polymer 

K-l72l7 which is described Hi Table L 'The results of these studies 

are summarized ~n Tables II and III~ A brief summary of the 

conclus1ons from these stud1es are as follows: 

A. Carbon Black Relnforced Stocks (R~190~26~:-190~268)(Table II) 

Ie Mill Process~ng =- All stocks exhibited stick to mill rolls 

at l30o F, The addltion of low MW polyethylene (3 phr) 

Epolene C=305=G (R-190.265) provides a sbght 1mprovement 

1n Itu.ll release 

2. Cure Prable -- All stocks showed good scorch safety at 335 

and 370°Fo The time to opt1mum cure at3?O°F ranges from 

3.0-4.,,0 min. and 1.6 sui table for factory O~rl.ng cure cycles. 

3~ Stress-,Strain Praperhes (30" @ 320°F) are suitable for all 

stocks except; R=190t266 which exhibited fairly low tensile 

strength (FEF-MT black reinforcement). Higher values for 

the 100% ModulUf:l would be desirable fn!' al1 stocks¢ Press 

cnres at 5?CJ') ji' utilizing optimum cure times result in lower 

cure states" .t t may be necessary t.o add additional peroxide 

for theBe hl.gher temperature ('Ur't"S. 



40 Aged Stress-Strain -- These stocks exhibit good retention 

of stress-strain properties after aging 240 hrs, at 275 

or JOOOF in air, However, after 240 hrs, at 350°F a 

significant loss in modulus and tensile strength was 

observed, After aging in hydraulic fluid (Mil-H-5606) for 

240 hrs, at 73OF, these stocks showed essentially no change 

in stress-strain properties, However, after aging 240 hrs. 

at 27.F°F, the stocks showed considerable softening, The 

use of stabilizer (1 phr of (8-HQ12Zn in R-190,264) results 

in a modest improvement in thermal stability compared to 

the control CR-lgo,268), 

5. Normal and Aged Shore A Hardness -- The hardness values 

ranged from 43-47 durometer. These values are much too low 

for O-ring stocks (70 durometer required), therefore some 

means for increasing hardness must be developed, Air aging 

for 240 hrs. at 275OF generally results in a slight increase 

in hardness, Aging 240 hrs, at 73°F in hydraulic fluid 

results in essentially no change in hardness, while at 275OF 

a substantial softening is observed, 

6, Compression Set (70 hrs, @ 275OF) -- Compression set values 

ranged from 21. to 31% for cylinders and from 26-48% for 

plied disks, Stock ~-190,267 (FEF-Au&in black) gave the 

lowest value, 21%;, 
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40 Aged Stress-Strain ~- These stocks exhibit good retention 

of stress-strain properties after agl.ng 240 hrs~ at 275 

or 300°F in air", However, after 240 hI'S., at 350°F a 

significant loss in modulus and tensile strength was 

observed~ After aging in hydraulic fluid (Mil-H-5606) for 

240 hrs~ at 73°F, these stocks showed essentially no change 

in stress-strain properties", However, after aging 240 brs", 

at 275°F, the stocks showed considerable softening" The 

use of stabilizer (1 phr of (8-HQ)2Zn in R-190,264) results 

in a modest improvement in thermal stability compared to 

the control (R-190,268)~ 

5. Normal and Aged Shore A Hardness The hardness values 

ranged from 43-47 durometer. These values are much too low 

for O-ring stocks (70 durometer required), therefore some 

means for increasing hardness must be developed~ Air aging 

for 240 hrs. at 275°F generally results in a slight increase 

in hardness~ Aging 240 hrs o at 73°F in hydraulic fluid 

reaul ts in essentially no change in hardness. while B.t 275°F 

a substantial softening is observed~ 

6~ £9mpressio~ Set (70 hrs~ @ 275°F) -~ Compression set values 

ranged from 21 to 31% for cylinders and from 26-48% for 

plied disks~ Stock R-l90,267 (FEF~Austin black) gave the 

lowest value, 21%. 



, 

70 Tear Strength == The values ranged from 27 to 92 ppio 

Stock R-19Gi267 (FEF-Ass~~~ black) gave the highest value 

(92 ppr) whiYe R-l%,266 (FEF-MT black) gave the lowest 

(27 ppi>z A11 of thence stocks exhibit fairly low tear 

strength 8 and consnderable work is needed to improve this 

pPoperty, 

8, LOW Temperature Properties -- The Gehman T5 values ranged 

fram -51 to -62°F, The YMI*values were essentially the same 

(-59 to -630~>s Figures 1 and 2 show Gehman Twist and Gehman 

Flexure for stock ~-190,266, Table XIX shows the Gehman 

data fop thas stock, 

9. Resrstance to Hydraulic Flund (Mil H-,5606) -- All of these 

stocks exh%bit excellent solvent resistance after aging 

240 hrs, at both 73 and 273OF, Actually, these stocks do not 

exhabit enough volume swePl slnee 2 +5% is preferred, 

B. Silica Reinforced Stocks (R-196,279 - lq0,283)(Table III> 

1, Mill Processing =- All of these stocks exhibit better mill 

processing9 iae.., less stack to mill and better green strength 

than the carbon black reinforced stocks, The addition of 

Epolene-3G5=G (1 phr) (R-190,280) provides a slight improve- 

ment m mx%P release- 

2, Cure Profile -- These stocks exhibit good scorch safety at 

335 and 370°F, However, the optimum cure times at 370°F are 

relatzvely long (6:6 to la,,3 min,) for factory O-ring cure 

CYCli35 - It wtr1 be aeces&ary to find some means of aetlvating 

the cure at 370GF to produce shorter cure times, 

* YMI represents YoungBs Modulus Index (the temperature (OC) at which 
the Young's Bending Modulus eASTM;D=-797) reaches 10,000 psi), 

J_ 

7e Tear Strength ~= The values ranged from 27 to 92 ppi" 

Stock R=190;267 (FEF~Aust1n black) gave the highest value 

(92 ppi) while R=190 1 266 (FEF=MT black) gave the lowest 

(27 ppi), All of these stocks exhibit fairly low tear 

strength i and cons~derable work is needed to improve this 

propertyo 

8~ Low Temperature Properties-- The Gehman T5 values ranged 

from -51 to =62°Fo The YMI*values were essentially the same 

(-59 to -63°F)o Figures 1 and 2 show Gehman Twist and Gehman 

Flexure for stock R-190.266o Table XIX shows the Gehman 

data for thiS stock~ 

9. Resl.stance to Hydraulic Flul.d (Mil H-5606) -- All of these 

stocks exhibit excellent solvent resistance after aging 

240 hrs" at both 73 and 275°F~ Actually, these stocks do not 

exhl.bit enough volume swell Sl.nce ~~ +5% is preferred. 

B. Silica Relnforced Stocks (R=190.279 - 190./283)(Table III) 

* 

L Ml.ll Processing =- All of these stocks exhibl. t better m1ll 

processing~ A.e •• less stick to mill and better green strength 

than the carbon black reinforced stocks~ The addition of 

Epolene-30~G (1 phr) (R-190~280) provides a slight improve-

ment :tn mill release., 

2. Cure Profile These stocks exhibit good scorch safety at 

335 and 370oF~ However. the optimum cure times at 370°F are 

relahvely long (6,6 to HL3 min.) for factory O-ring cure 

cycles. It w111 be neC€Sibary to f~nd some means of act~ vating 

the cure at 3700 F to produce shorter cure times, 
YMI represents Young's Modulus Index (the temperature (oC) at which 
the Young's Bending Modulus (, A.STM,D-797) reaches 10,000 psi L 



30 _ Stress-strain ‘?m~$~effi -- Press ~vmes of 30 min, at 300°F -. 

resulted in good stress-strain properties for all stocks, 

SlightPy higher values for the KlOfn6 modulus would be 

dealrable, Press cures at 37YPF usmg optimum cure times 

resulted in much Bower cure states, It may be necessary 

to adjust the peroxxie level for the 39S*F cure, 

4, Aged Strees-Strain -- These &ocks exhibited good retention 

of stresa- strain properties after ag5ng 240 hrs, at 275 and 

gOO°F kn ait" and fair retention after 240 hrs, at 350°F in 

ai.r-. Good reterntion of properties was observed after 240 hrs. 

at '73°F or 275°F YEI hydraulic fluid 3 In general these silica 

reinforced stocks showed much better beat-aging properties 

than do carbon black reinforced stocks, 

5. Normal and Aged Shore A Hardness -- Hardness values, ranging 

fs01~ 58 to 65 durometer, are considered adequate for most 

O-ring app8iea%rons, These stocks exhibit good retention of 

hardness or: ag~rug 248 PEPS, 

73°F in hydraulic fluid, 

6, Compressnon Set 4'70 hrs, @ 

at 27'7F in air and 240 hrs, at 

2'75_OF) -- & Set values ranged from 

54 tc 69% for omygJbnndera and from 62 a.0 7'6% for plied disks, 

These val.~~-. CUE much nigher than observed for carbun black 

repinforced stock and also toe high for most O-ring applications, 

firthes srud.~es should be dPrecPed toward screening of silicas 

of larger paiz=%lcle saze and Power surface area, 

-a- 

30 Stress=,Strain Pro:eer~ == Press cures of 30 min" at 300°F 

Teaul ted in g,ood stre6s~strain properties for all stocks .. 

Slightly higher values for the 100% modulus would be 

des:lrableo Press cures at 3700 F uSl.ng optimum cure times 

resulted in much lower cure states¢ It may be necessary 

to adjust the peroxl.de level for the 370°F cureo 

40 A..s:ed Stress~Stra!!!, == These stocks exhibited good retention 

of stress=strairl properties after aging 240 hrs~ at 275 and 

300°F in air and fair retenhon after 240 hrso at 350°F in 

air~ Good retention of properties was observed after 240 hrs. 

at ?3°F or 275°F :tn hydraulic fluid, In general these silica 

reinforced stocks showed much better heat=aging properties 

than do carbon black reinforced stockso 

5. Normal and Aged Shore A Hardness == Hardness values, ranging 

from 58 to 65 durometer~ are considered adequate for most 

O=ring applicationso These stocks exhibit good retention of 

hardness OL ag.1ong 240 hrs e at 275°F in air and 240 hrao at 

73°F in hydraulic flui d, 

6Q CompressIon Set (70 hra" @ 275°Fl ~- % Set values ranged from 

54 to 69% for cyhnders and from 62 to 76% for plied disks .. 

These valui:'~, afe much higher than observed for carbon black 

reinforced stock and also too high for most O=ring applicationso 

Further 6tudl.es should be directed toward screening of silicas 

of larger pa)rtJLcle Sl,ze and lower surface areao 



70 Low TemEature Properties -- Gehmam T5 values ranged from 

-45 to -51°F while YMI ranged from -55 to -570F0 These 

values are 6 to ll°F higher than corresponding values for 

carbon black reinforced stocks. 

8, Resistance to Hydraulic Fluid (Mil-H-5606) -- These stokks 

exhibit excellent resistance to hydraulic fluid after aging 

240 hrs, at 73°F and 275OF. The % volume swell value 

observed f0.r R-190,280 (240 hrs, Q 2750~) (26,a5%) ia in 

question in view of the low value obtained for 240 hrso at 

73°F (n049%:>0 As with the carbon black reinforced &o&s, 

these compounds are too resistant to hydraulic fluid, Some 

means should be developed for increasing volume swell to 

ea.+5% - 

C. Silica and Carbon Black Reinforced O-Ring Compounds -- Attempts 
To Improve Hardness of Carbon Black Reinforced Stocka and 
Evaluation of ~uso ~~-82 Reinforced Stocks (Table IV> 

Compound R-191,920 was a standard FEF black, peroxide cure type 

formulation containing a crosslink promoter, Chem Link 30 (3 phr), 

This stock appears to be highly overcured, but the optimum cure 

at 370°F may afford better properties, This stock exhibits 

adequate acsrch safety at 2,~ and 37S°F amd an acceptable cure 

time at 370°F (5,,0 min,), 

The addition sf a processing aid, AC polyethylene (5 phr) 

(R-191,921), i mprsves the mill release of the stock. This 

processing aid a%eo Powers the cure state 60 that this stock has 
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70 Low Temperature Properties ~= Gehman T5 values ranged from 

~45 to =51o F while YMI ranged from ~55 to -57°Fo These 

values are 6 to 110F higher than corresponding values for 

carbon black reinforced stocks. 

8~ Resistance to Hydraulic Fluid (Mil=H~5606) -~ These sto~ks 

exhibit excellent resistance to hydraulic fluid after aging 

240 hrso at 73°F and 275°F. The % volume swell value 

question in view of the low value obtained for 240 hrso at 

73°F (1049%)0 As with the carbon black reinforced stocks, 

these compounds are too resistant to hydraulic fluid. Some 

means should be developed for increasing volume swell to 

C. Silica and Carbon Black Reinforced O-Ring Compounds -= Attempts 
To Improve Hardness of Carbon Black Reinforced Stocks and 
Evaluation of Quso WR-82 Reinforced Stocks (Table IV) 

Compound R~191~920 was a standard FEF black9 peroxide cure type 

formulation containing a crosslink promoter, Chem Link 30 (3 phr)e 

This stock appears to be highly overculted, but the optimum cure 

at 3700F may afford better propertieso This stock exhibits 

adequate scorch safety at )..-j and 3700F and an acceptable cure 

The addition of a processing aid, AC polyethylene (5 phr) 

(R-191~921)9 improves the mill release of the stock. This 

processing aid also lowers the cure state so that this stock has 



excelSent stress-strain properties, Compound shows 

good scorch resistance at 335 and 370*F and an acceptable cure 

time at 470°F 14.3 min.), 

Compound R-ltgl,922 contained F'EF black (25 phr) and graphite 

(15 phr) watt). a peroxide cure. This stock appears to be highly 

oVercrl1E'G but :> ; Li i shoi:s gooti tenSi if2 Hirerlgth. Ti:J_s coq?nmd 

has excellent scorch rasis!ance at 335 and J70°F and an aceqta%le 

cure time at 370°F (4,T min.*), 

Compound R-191.,9& contains Quso WR-82 (23 phr) with a peroxide 

cure, This stock appears to be highly overcured as evidenced by 

stress-strain data, This compound shows good scorch resistance 

at 335 and 370*F and a relatively long cure time at 370*F (lb.6 

min,), Final conclusions on these stocks will be made when all 

physical tests have been completed, 

c. 0-Ring Stocks for Parker Seal 

Aftor evalu'a*;lGn of the physical testing data on the five carbon 

black reiniorccd @,-rsng formulations, Uze F'EF-Aust;n black compoilnd 

was ~~clectal: 4,o be submlt.ted to Parker Seal (L-191,941)(Tablc If>. 

~iowever~ alk of the fxve silica-reinforced compounds 

compression set values that were too high for O-ring 

gave 

applications. 

Recent studies-, outszde the O-ring contract, revealed that Quso WR-82 

(organosilylated silica of larger particle szze and lower surface 

area than SLLanox 101) gave stocks with much lower compression set 

excellent stress-strain properties~ Compound R-191,921 shows 

good scorch resistance at 335 and 3700 F and an acceptable cure 

time at 3?Oc)," (4.3 min> ), 

Compound R-191.922 contained FEF black (25 phr) and graphite 

(15 phr) ... ~th a peroxide cure. This stock appears to be highly 

overCUlt'U but t;~.dl shovs ~ood tensi.le :strength, 'rias cOlnpC'tmd 

has excellent scorch resistance at 335 and 3700 F and an acceptable 

cure time at 3700 F (4,5 min.). 

Compound R-19l,924 contains Quso WR-82 (25 phr) with a peroxide 

cure. This stock appears to be highly overcured as evidenced by 

stress-strain data. This compound shows good scorch resistance 

at 335 and 3700 F and a relatively long cure time at 3700 F (14.6 

min.)~ Final conclusions on these stocks will be made when all 

physical tests have been completed~ 

D. O-R~ng Stocks for Parker Seal 

After evaluat).on of the phYfiicaJ testing d.ata on the fiv~, carbon 

black reinforced O'~nng formulations ~ the liEF-Austin black componnd 

was dclectec to be subm~ tted to Parker Seal (E-191 3 941 )(Table V). 

However, all of the fl.ve silica-reinforced compounds gave 

compression set values that were too high for O-ring applications. 

Recent stud:::..€s, outEnde the O-ring contract. revealed that Quao WR-82 

(organosilylated sllica of larger particle siz.e and lower surface 

area than S11anox 101) gave stocks with much lower compresslon set 
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Parker Seal suggested that the foPlowing physical 

property improvements in the O-ring compounds should be 

given farst prisrity: 

1, Improve processing via silicone rubber addition. 

2, Increase hardness, 

30 Improve compression set, 

4, Develop compounds that have high low strain (25%) 

moduPus -- low strain modulus should increase slowly 

9~1th agimg, 

5<+ Evaluate silane coupling agents, 

A large batch (1 lb,) of Quso ~~-82 reinforced stock will 

be sent to Parker Seal for the Second Quarter. Also, a 

4. _ r-,? batch (1 lb,) of the same compound containing 15 phr 

Silastac 410 is being submitted to determine the effect 

of silicone rubber on O-ring ejeal performance, Parker 

Seal will then construe% O-rings (size 214) and run the 

$olBowing tests: 

1, 

2,, 

$- 

Effect of cure and post cure conditions on O-ring 

performance_, 

Dynamxc 'The&r Tests'v on phosphonitrilic fluoroelastomer 

and PPaorosilicone compounds under more severe 

eondntions -- longer times at ~CL?F and 350°Fo 

Extsusasn tests on phosphonitril.xc fluoroelastomer 

and fEusrssr%ieone seals, 

-PI_- 

Parker Seal suggested that the following physical 

property improvements in the O-ring compounds should be 

given f:trst priority~ 

10 Improve processing via silicone rubber addition. 

2. Increase hardness. 

3~ Improve compression seto 

4~ Develop compounds that have high low strain (25%) 

modulus -- low strain modulus should increase slowly 

w~th aging, 

5" Evaluate silane coupling agents~ 

A large batch (~ Ibo) of Quso WR-82 reinforced stock will 

be sent to Parker Seal for the Second Quarter. Also, a 

1, ~';, batch (1 Ibo) of the same compound containing 15 phI" 

Silast1c 410 is being submitted to determine the effect 

of silicone rubber on O-ring seal performance~ Parker 

Seal will then construct O-rings (size 214) and run the 

following tests: 

10 Effect of cure and post cure conditions on O-ring 

performance," 

2" DynamJLc "Chew 'rests" on phosphoni trilic fluoroelastomer 

and fluorosilicone compounds under more severe 

condl.tions =- longer times at 302°F and 350o F" 

3., Extruslon tests on phosphoni trilic fluoroelastomer 

and fluorosl.licone seals" 
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Appendrx 11 contains the Status Report of the First 

Quarter material as provided by Parker Seal Company. 

B. 3 Second uarter Eva%ua%ion of Phosphoni%r%lic Fluoroelastomer 
O-Ring 

1. &us0 WR-82 Reinforced O-Ring Compounds (Table VI> 

Quso WR-82 remf'oreed phosphonitrilic fluoroelastomer O-ring 

compounds were foumd to have excellent heat-stability and 

compression se% properties in previous studies (TablesIV 

amd VI, in compounds ~-191,972 and 977 the ~~USO wR-82 I'd 

was increased from 25 to k3 phr while maintaining a constant 

level of %he other compounding ingredients, Compound -976 

was the same as -973 except for the inclusion of an additional 

1,O phr of s%abiYizer, The effect of varying Quso ~~-82 and 

stabilizer levels on cure9 mechanical and heat-stability are 

now summarisedl 

a, Mill_ Processing (130°F) -- All compounds are sticky on 

a warm mi2.P and tend to split to both rolls, The 

compounds become less sticky as %he Quso ~~-82 level is 

increased but are stiP1 difficult to process at the 

highest leveL 

b, Cwe Pra$'n,la ._. ABB compounds have good scorch safety 

a% 4J50F5 The cure times at YC°F, 8,6 to 30,3 min., are 

too $ong for factory C-ring press cure cycles (c 5 min.), 

some means sf ncceEeratiwg the persxide vulcanization of 

Append:lx II contains the Status Report of the First 

Quarter material as provided by Parker Seal Company. 

B. Second Quarter Evaluation of Phosphenitrilic Flueroelastomer 
O-Ring Compounds 

1. Quso WR=82 Reinforced O=Ring Compounds (Table VI) 

Quso WR,-82 reinforced phosphoni trilie fluoroelastomer O-ring 

compounds were found to have excellent heat-stability and 

compression set properties in previous studies (TablesIV 

and V)" In compounds R-19l,972 and 975 the Quse WR-82 level 

was increased from 25 to 40 phr while maintaining a constant 

level of the other compounding ingredientsn Compound -976 

was the same as -973 except for the inclusion of an additional 

100 phr of stabilizero The effect of varying Quso WR-82 and 

stabilizer levels on cure 9 mechanical and heat-stability are 

now summarized" 

a. Mill Processing (130o P) -- All compounds are sticky on 

a warm mill and tend to split to both rolls$ The 

compounds become less sticky as the Quso WR-82 level is 

increased but are still difficult to process at the 

highest leveL, 

be Cure Prof'll e=~ All compounds have good scorch safety 

too long rOlf factory O-ring press cure cycles (~o 5 min~). 

Some meall.8 of accelerating the peroxide vulcanization of 

these stocKS should be developedo 



6, Properties stress-strain -- The 5O% moduli appear to increase 

as the sil.iea level. is increased from 25 to 30 phr then 

level off at ca, 575 psi, The 100% modulus and tensnie - 

strength increase as the silica level. is raised from 25 to 

3O phr then decreases as the level. increases to 40 phr, 

'The elongation at break decreases and the % tension set 

increases with Increasing levels of Quso ~~-82, These 

changes in strees-ataaan properties are typical for 

nnereasing Save& of a reinforcing fi%ler, The best overall 

stress-strarn properties appear to be obtained at a silica 

level. of 3O phr (R-L9l,973)3 The addition of B phr of 

stabiPiser to -973, f,e,, R-191,976, appears to have little 

effect on stress-strain propestLes except for 

lowering of modulus, The press cures @ 370°F 

cure times resulted in a substantial deeease 

of these stocks? 

a sBight. 

under optimum 

in cure state 

d, _$ A ed Stress-Strain -- All stocks have good rePentnon of 

stress-strain propertnes after aging 672 hre, @ 275°F in air, 

240 hrs, 8 3OO and 35OOF in air and 240 hrs, @ 275°F in 

hydraulic fluid, Aging of stocks out to 672 hrs, 8 300 and 

350°F in air and @ 275OF in hydraulic fluid are sti$P in 

progress at the present time, and these data will_1 be reported 

at a later date, The addition of extra stabilizer !I phi), 

compound -976, does not result in any improvement in 

retention of modulus;, but a substantial nmprovement in 

c. Stre.ss~Strain Properties =- The 50% moduli appear to increase 

as the silica level is increased from 25 to 30 phI' then 

level off at.£!o 575 psL The 100% modulus and tensile 

strength increase as the silica level is raised from 25 to 

30 phr then decreases as the level increases to 40 phrQ 

The elongation at break decreases and the % tension set 

increases with 1TIcreasing levels of Quao WR~82o These 

changes in stress-stra1n properties are typical for 

1ncreasing levels of a reinforCing fillero The best overall 

stress=stra:lln properties appear to be obtained at a silica 

level of 30 phr (R=19l 9 973)o The addition of 1 phr of 

stabilizer to -973~ ~~ R~191~976~ appears to have little 

effect on stress=strain properties except for a slight 

lowering of modulus o The press cures @ 3700 F under optimum 

cure times resulted in a substantial decrease in cure state 

of these stocks" 

de Aged Stress=Strain == All stocks have good retenhon of 

stress=strain propert1es after aging 672 hrso @ 275°F in air 9 

240 hrs" @ 300 and 350o'F in air and 240 hrso @ 275°F in 

hydraulic .fluid a Aging of stocks out to 672 hrso @ 300 and 

350°F in air and @ 275°F in hydraulic fluid are still in 

progress at the present time 9 and these data will be reported 

at a later dateo The addition of extra stabilizer (1 phr)~ 

compound ~976, does not result in any improvement in 

retention of modulus~ but a substantial improvement in 



tensile strength re%entisn is realized, CLrfn& constructed 

from any of %&se csmpounda shouBd stiP1 functfon after 

240 bps, 0 300°F (air>0 

Shore A Hardness -- As the Quas w&.82 $eveB is increased 

from 25 to 40 phr, the hardness ie raised from 47 to 72 

durometer, The Quao WR-82 level must be in %he ramge of 

30-40 phr to obtain O-ring compounds wi%h sui%able hardness, 

These compounds maintain excellent re%ent%on of hardness 

after aging in air a% 275350°F and in MIL-H-5606-C a% 275*Fo 

Compression Se% (70 hrs, 63 2750F) -- The values ranged from 

20 to 42% for eyPPnders and 34 to 66% fop plied disk The 

compression se% increases, as expected, as the rsiPi.ca level 

ie raised from 25 to 40 phr, The maximum amount of Quso ~~-82 

in the compounds should be limited to the 30-35 phr range 

maintain compression set in the range required for O-ring 

applieatioxw, 

to 

Tear Strength -- ~kne tear strength increasers from 58 %o 121. 

ppi as the Quea ~~-82 Bevel is raised from 25 %a 40 phr as 

would be expected for %he addition of a reinforcing filler, 

Abrasion Resistance -- The Abrasive Indices decreased from 

64 %o 42 as the Queo WR-82 level was increased from 30 to 

40 phr, This decrease in abrasion resistance appears to 

result from the decrease in temsile strength of these 

compounda aa the silica level increases [overloaded), The 
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tensile strength retention is realizedo O=rings constructed 

from any of these compounds should still function after 

240 hrso @ 3OO°F (air)o 

e~ Shore A Hardness ~~ As the Quso WR~B2 level is increased 

from 25 to 40 phr~ the hardness is raised from 47 to 72 

durometero The Quso WR=82 level must be in the range of 

30=40 phr to obtain O-ring compounds with suitable hardnessG 

These compounds maintain excellent retention of hardness 

after aging in air at 275~350°F and in MIL=H-5606-c at 275°FG 

f. Compression Set (70 hrsG @ 275°F) =- The values ranged from 

20 to 42% for cylinders and 34 to 66% for plied disko The 

compression set increases 9 as expected g as the silica level 

is raised from 25 to 40 phrG The maximum amount of Quso WR-B2 

in the compounds should be limited to the 30=35 pbr range to 

maintain compression set in the range required for O-ring 

applicationso 

go Tear Strength == The tear strength increases from 58 to 121 

ppi as the Quso WR=B2 level is raised from 25 to 40 phr as 

would be expected for the addition of a reinforcing filler~ 

he Abrasion Resistance == The Abrasive Indices decreased from 

64 to 42 as the Quso WR=82 level was increased from 30 to 

40 phr~ This decrease in abrasion resistance appears to 

result from the decrease in tensile strength of these 

compounds as the silica level increases (overloaded) 0 The 



Abrasive Index sf -976 (86) is substantially higher than 

that of -973 164) wknch contains 1 phr less stabilizer, 

These s&cka are ccnsidel-ed ts have fair-good abrasion 

reskstance- 

I. -- The Lehman TlO values were all 

essentially =woC (-%oF), thus indicating that seals 

fabricated from these compounds should function down to 

-65°F; The YMI q?aPu@fi ranged from -gqoc C-~noP) to -610a: 

(-78~~),> The level of Quso m-82 appears to have very 

little effect sn low temperature flexibility, 

ja Realstance to Rydraulnc F'luld (M&-H-5606-O) -- All of these 

csmpounds exhibited excellent resistance to this hydraulic 

fha after 248 hrs, @ 2750Fc. Le.,, volume awe11 of less 

than 3% 

In summary tnese QUSS ~~-82 reinforced stocks have excellent 

stress-strain9 heat-stabnlity, compression set9 low temperature 

flexibility and hydraulic fluid resistance and fair-good tear 

and abrasion resistance, In consideration of overall mechanical 

properties, the best level of &us0 WR-82 appears to be 30-35 phr, 

2. QUhjo 
of Peroxide LevePu Different Oure Activator and Small Amounts 
7 of Rennforcin 

Oompounds R-1$2,97? and -978 were identical except for the 

addition 0f O,? pnr Dicup &SC in the former and 1,5 phr in the 

latter, Tnese can be compared to R-=Zl91,973 (Table VI> which 

contaIned 1 phr sf Dicup 4OC, Tnese compounds were formulated 

Abrasive Index of ~976 (86) is 5ubstant~ally higher than 

that of ~97.3 (64) wh~ch contains 1 phr less stabihzero 

These strycks are considered to have fa:lr-good abrasion 

real.stance 

i. Low Temperature Properties == The Gehman TIO values were all 

essentially =50°C (~58°F)9 thus indicating that seals 

fabricat.ed from these compounds should function down to 

(~78°F)" The level of Quao WR-82 appears to have very 

little effect on low temperature flex1bilityo 

j, Resl.stance to Hydrauhc Fluid (MIL-H-5606~C) ~~ All of these 

compounds exh1bited excellent resistance to th1s hydraulic 

flu1d afte.r 240 hI'S" @ 275°F, Le". volume swell of less 

than 3%, 

In summary these Quso WR-82 reinforced stocks have excellent 

stress-stra1n~ heat=stab1lity~ compression set9 low temperature 

flexibility and hydraulic flUid res1stance and fair-good tear 

and abras~on resistance. In conen.deration of overall mechanical 

propeI'hes~ the best level of Quso WR-82 appears to be 30~35 phr~ 

2. QUBe WR~82 Rel.nfQirced O=Ring Compounds -- study of the Effects 
of Peroxide Level, Different Cure Activator and Small Amounts 
of Reinforcing Silicas (Table VII) 

Compounds R .. 19l, 977 and ~978 were identical except for the 

addition of 0,,5 phr Dicup 40c in the former and 1,5 phr in the 

latter.. These can be compared to R~191~ 973 (Table VI) which 

conta1ned 1 phr of Dicup 40Co These compounds were formulated 
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to determine the effect of peroxide level on physical properties. 

Compound -979 was identical to -973 (Table VI> except Stan Mag ELC 

was replaced by a new acid acceptor, Trlbase, In an attempt to 

increase the cure rate 0 370°F0 Compound -980 contained Silanox 

101 (10 phr) which replaced the corresponding amount of Quso m-82 

in an attempt to improve tear and abrasion resistance, Compound 

-981 contained Cab-0-Sil S-17 (5 phr) which replaced the 

corresponding amount of Quss WI?-82 in an attempt to increase tear 

and abrasion resistance, These last two compounds should be 

compared to -973 (Table II>, 

a, Mill Processing -- All compounds were difficult to process 

on a 130°F mill, i.e., sticky and split to both rolls. 

b. Cure Profile -- All of these compounds have good scorch 

safety 8 335OF+ However, the optimum cure times @ 370*F for 

compounds -977 and -978 are much too long, 14-3 and 21.3 min,, 

respectively, The replacement of Stan Mag ELC with Tribase, 

compound -979, results in a significant increase in cure rate 

d 370°F, ice+, cure rate index increases from 8.4 (-973) to 

20*0 (-979>* This compound (-979) then has an acceptable 

cure time d 370°F, 6,5 min., The replacement of 10 phr of 

Quso m-82 with Silanox 101 t-980) results in a tremendous 

increase in the cure rate index, 8,4 C-973) to 83+3 C-980) 

and an acceptable cure time of 3-5 min, The replacement of 

5 phr of Quso ~~-83 with Cab-0-Sil S-17 t-981) results in a 

decrease rn the cure rate index, 8.4 to 3-5 and an 

unacceptable cure time of 29.8 min, 
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to determine the effect of peroxide level on physical properties. 

Compound -979 was identical to -973 (Table VI) except Stan Mag ELC 

was replaced by a new acid acceptor, Tr~base, in an attempt to 

increase the cure rate @ 370o Fo Compound -980 contained Silanox 

101 (10 phr) which replaced the corresponding amount of Quso WR-82 

in an attempt to improve tear and abrasion resistance. Compound 

-981 contained Cab-O-Sil S-17 (5 phr) which replaced the 

corresponding amount of Quse WR-82 in an attempt to increase tear 

and abrasion resistance. These last two compounds should be 

compared to -973 (Table II). 

a~ Mill Processing -- All compounds were difficult to process 

on a 130°F mill, ~i sticky and split to both rolls. 

b. Cure Profile -- All of these compounds have good scorch 

safety @ 335°F. However, the optimum cure times @ 3700 F for 

compounds -977 and -978 are much too long, l4~3 and 21.3 min., 

respectively, The replacement of Stan Mag ELC with Tribase, 

compound -979, results in a signif~cant increase in cure rate 

@ 370oF, ~, cure rate index increases from 8.4 (-973) to 

20$0 (-979). This compound (-979) then has an acceptable 

cure time @ 370o F, 6~5 mino The replacement of 10 phr of 

Quso WR-82 with Silanox 101 (-980) results in a tremendous 

increase in the cure rate J.ndex, 8 .. 4 (-973) to 83,3 (-980) 

and an acceptable cure time of 3&5 mine The replacement of 

5 phr of Quso WR-83 w1th Cab-O-Sil S-17 (-981) results in a 

decrease J.n the cure rate index, 8.4 to 305 and an 

unacceptable cure time of 29.8 min Q 
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C* Stress-Stram -- As the peroxide level 1s increased from 

0,5 phr <-tji??) to i,O phr i-973) to lq:;: phr c-978), there 

is a correspondrng increase in moduius and a decrease in 

elongation and cenaion set. The renszle strength changes 

only siightiy with increasing peroxide level, The best 

peroxide level for O-ring compounda wo-,lid be ~ti the 0.5 to 

1.0 phr level since 1.5 phr peroxide results in overcure 

C-978). The repiacemer,t of ,%a;: Nag ELC by Tribase c-979) 

resux2ts in a siightiy lower ctire state !-973) but addItiona 

peroxide could adJust the cure to the same level. The 

replacement of 10 phr Qubo ~~-82 sith the corresponding level 

of Silanox 101 (-980) results in lower 50% modulus, higher 

100% modulus, tenslie strength and elongatron and a. decrease 

in tension set. The replacement of 5 phr Quso ~~-82 with 

the corresponding amoclnt of Cab-0-Sli S-17 C-981) results in 

an increase in 50 and 100% moduii, tensile strength and 

elongation and tension set. Press curetj or‘ tensAle siabs under 

optimum conditions @ 370°F resuited xn substantially lower 

cure states. It may be necessary to ad,;ust peroxide level 

and/or cure times for stozks cured 8 3/03F. 

d. Aged Stress-Strain -- Compounds -977, -473, -978 exhibited 

excellent heat resistance after 240 hrs. Q 275, 300 and 350°F 

in air and 240 hrs. 8 2?5OF in MIL-H-5606-C, The effect of 

increasing peroxide ievel 1s to malntaln a higher modulus 

after a given aging time. Evidently, the crossilnks are quite 

c. Stress-Straln -- As the peroxide level 1S increased from 

0.5 phr (-977) to 1,0 phr (-973) to 1.5 phr (-,978), there 

is a correspondl.ng increase in modulus and a decrease in 

elongatl.on and ~ension set. The tensile strength changes 

only slightly \\1l. th lncreasing peroxl.de level. The best 

peroxide level for O-,ring compounds w01..,ld be in the 0.5 to 

1.0 phr level since 1. 5 phr ueroxide results 1n overcure 

(-978). The replacemer.t of Stall Mag ELC by 'fr.i.base (-979) 

resultt3 in a 61igh~ly lower cure state (-973) but addl. tional 

peroxide could adJust the cure to the same level. The 

replacement of 10 phr QUbO WR-82 with the corresponding level 

of Silanox 101 <-980) results in lower 50% modulus, higher 

100% modulus, tens~le strength and elongatl.on and a decrease 

in tensl0n set. The replacement of 5 phr Quso WR-82 with 

the corresponding amount of Cab-O-S~l 8-17 (-981) results in 

an increase in 50 and 100% moduli, tenslle strength and 

elongation and tension set. Press cures or' tensJ.l~ slabs under 

optimum conc!i tions ~ 3700 1'"" resuited 1.n substantially lower 

cure states. It may be necessary to ad,Just peroxide level 

and/or cure tlmes for sto:::ks cured @ )/ooF. 

d. Aged Stress-Strajn -- Compounds -977, -973, -·978 exhibited 

excellent heat reSistance after 240 hrs. @ 275. 300 and 3500 F 

in air and 240 hrs. @ 275°F in MIL-H-5606~C. The effe~t of 

increasing peroxide :.Level l.S to mal.ntal.rl a higher modulus 

after a given aging time. Evidently, the crossll.nks are quite 
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thermally stabie. Compotind -979 appears to be essentially 

equivalent to -973 in heat-stability except for 35O*F. 

After 240 hrs. Q 35WF this stock had campietely degraded 

via a softening effect which precludes the use of this 

compound for _%igh temperature C-ring applications. Compounds 

-980 and -98i appear to have essentiaily the same heat- 

stability as -9'73 (Table VI>. All of these compounds, 

except -978, s:1mid 'cc: sr;,t&le for Q-l-< 1? ____g applications 

the 275-350°F range, Additional 

progress nnd will be reported at 

e. Shore A Hardness --- As the Dlcup -- 

heat-aging studies are 

a later date. 

II? 

in 

4OC is increased from 0.5 

to l.5 phr, the hardness is raised from 45 to j6 durometer. 

The use of Tribase in place of Stan Mag FX.,C (-9'79) results 

in a slightly lower hardness (49)(compare to -973, Table VI>. 

The use of 10 phr of Silanox 101 In place of Quso WI?-83 in 

-980 also results in a slight lowering of hardness (49). 

However, the use ol' only 5 ph_ r of Cab-O-S11 S-l.7 in place 

of the correspondlrg amount of QWO ~~-82 results in a large 

increase In hardnes6 (66 ddrometer). All of these compounds 

exhibit excellent retention of hardness after aging 675 hrs. 

d 275°F (air), 24c\ hrs.. @ 300 and 350°F (a~) and 240 hrs. 

@ 2:753F in MEL-~-5&6.-c. 

f. Compression Set (70 hrs, 2 275°F) -- Mobt of the compounds 

are still In the process of being tested and data will be 

reported at a Later date, The use of 5 phr of Cab-0-Sil S-17 
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thermally stable. Compound -979 appears to be essentially 

equivalent to -973 in heat-stability except for 350o F. 

After 240 hrs. @ 3500 F thls stock had completely degraded 

via a softenin~ effect which precludes the use of this 

compound for high temperature O-ring applications. Compounds 

-980 and -981 appear to have essentially the same heat

stability as -9'13 (Table VI). All of these compounds, 

except -978, s~ould te suitahle for O-ring applications in 

the 275-350o F range. Additional heat-aging studies are in 

progress and will be reported at a later date. 

e. Shore A Hardness _ .. As the D1CUP 40c is increased from 0.5 

to 1.5 phr, the hardness is raised from 45 to 56 durometer. 

The Use of 'l'ribCise in place of Stan Mag ELC (-9'79) results 

in a slightly lower hardness (L:9)(compnre to -973, Table VI). 

The use of 10 phr of Silanox 101 ln place of Quso WR-83 in 

-980 also results in a slight lowering of hardness (49). 

However, the use 01 only 5 phr of Cab-O-51l S-17 in place 

of the correspond~ng amount of Quso WR-82 results in a large 

increase 1D hardness (66 d~rometer). All of these compounds 

exhibit excellent .cetention of :lardness after aging 675 hrs. 

@ 27Y'F (air) I 240 hrs., @ 300 and 3jOOF (a1r) and 240 hrs. 

@ 2?5°F in }lIL-H-5606·-c. 

f. Compression Set (70 hrs. @ 275°F) -- Most of the compounds 

are still 1n the process of being tested and data will be 

reported at a later date. The use of 5 phr of Cab-O-Sil S-17 
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in compound -981 results XI a substanclal increase in 

compression set isee -973: +6% for cylinder and +I_396 for 

plied disk). 

45. Tear Strength -- Increasing the peroxide level from 0.3 to 

1.3 phr results in a decrease in tear strength from 139 to 

77 ppia The use of Tribase (-979) results In essentially 

no change in tear strength (both -973 and -979 ca. 100 ppi). - 

The use of small amounts of Silanox iCi (-980) or Cab-0-Sil 

S-17 (-981) res,tilts in a slight iowering of tear strength. 

This was just the opposite of what was expected since both 

of these silicas are consldered to be more reinforcing than 

&US0 WR-82. 

h. Abrasion Resistance -- Most of the compounds were too soft 

to test. However, -978 had a good Abrasive Index (88) while 

-981 exhibited a poor Abrasive Index (39). Evidently the 

use of a small amount of Cab-0-Sil S-17 does not improve 

abrasion resistance, 

i. Low Temperature Properties -- The Gehman TIO values were z+ 

-50°C (-38OF) for all these compounds, The YMI values were 

all ca. -600~ (-76OF). - O-Rings fabricated from these compounds 

are expected to function down to -60 to -70°Fo 

s* Resistance to Hydraulic Fluid (MILH-5606-C) -- All of these 

compounds exhibited excellent resistance to this hydraulic 

fluid after 240 hrs. 8 275"F, i-e., volume swell values of 

less than 3.046, 
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in compound -981 results In a substantla1 increase in 

compresslOn set (see -973: +6% for cylinder and +13% for 

plied disk). 

g. Tear Strength -- Increasing the peroxide level from 0.5 to 

1.5 phr results in a decrease in tear strength from 139 to 

77 ppL The use of Tribase (-979) results 1n essentially 

no change in tear strength (both -973 and -979~. 100 ppi). 

The use of small amounts of Silanox 101 (-980) or Cab-O-Sil 

S-17 (-981) results 1n a slight lowering of tear strength. 

This was just t.he opposite of what was expected since both 

of these silicas are consl.dered to be more reinforcing than 

Quao WR-82. 

h. Abrasl.on Resl.stance -- Most of the compounds were too soft 

to test. However, -978 had a good Abrasive Index (88) while 

-981 exhibited a poor Abrasl.ve Index (39). EVl.dently the 

use of a small amount of Cab-O-Sil S-17 does not improve 

abrasion reSl.stance. 

i. Low Temperature Propert1es -- The Gehman TIO values were ~. 

-50°C (-58°F) for all these compounds. The YMI values were 

all ca. -60°C (-76°F). O-Rl.ngs fabricated from these compounds 

are expected to functl0n down to -60 to -70o F. 

j. Resistance to Hydraulic Flul.d (MIL-H-5606-C) -- All of these 

compounds exhiblted excellent resistance to this hydraulic 

fluid after 240 hrs. @ 275°F, t.e., volume swell values of 

less than 3.0%. 

-29-



In summary9 the best Ecu-p 4OC levels for the O-ring 

compounds appears to be in the range of 0,5 to 1-O phr. 

Faster '370OF cure rates may be obtained by the use of 

Tribase (detrimental to 350°F stability) in place of 

Stan Mag ELC or by the addition of small amounts of Silanox 

101, The hardness of the O-ring stocks may be increased by 

the use of higher peroxide levels or by the incorporation of 

small amounts of Cab-0-Sil S-17 (detrimental to compression 

set), Surprisingly, the replacement of small amounts of 

Quso WR-82 with corresponding amounts of Silanox 101 or 

Cab-0-Sil S-17 resulted in no improvement in tear or abrasion 

resistance, 

30 Mill Processing and Post Cure Studies on Quso ~~-82 and 
FEF Black-Reinforced Compounds (Table VIII) 

As part of another program in our laboratories, it was found 

that small amounts of polysiloxanes or silicone polymers 

improved mill release of the phosphonitrilic fluoroelastomer, 

Since good mill release is necessary for O-ring production, 

we have incorporated the testing of silicone-containing stocks 

into the present contract work, Six parts of Silastic 410 

were added to both a black and a silica stock, The siPiea 

stock showed reduced stickiness but did not handle nearly 

as well as the black stock which gave excellent release. A 

larger amount of silicone will probably be necessary with the 

silica compounds, 

-3o- 

In summary~ the best Dicup 40c levels for the O-ring 

compounds appears to be in the range of 005 to 1~0 phr~ 

Faster 3700 F cure rates may be obtained by the use of 

Tribase (detrimental to 3500 F stability) in place of 

stan Mag ELC or by the addition of small amounts of Silanox 

101~ The hardness of the O-ring stocks may be increased by 

the use of higher peroxide levels or by the incorporation of 

small amounts of Cab-O-Sil 8-17 (detrimental to compression 

set). Surprisingly. the replacement of small amounts of 

Quso WR-82 with corresponding amounts of Silanox 101 or 

Cab~O-Sil S-17 resulted in no improvement in tear or abrasion 

resistanceQ 

3. Mill Processin and Post Cure Studies on Quso WR-82 and 
FEF Black-Reinforced Compounds Table VIII 

As part of another program in our laboratories, it was found 

that small amounts of polysiloxanes or silicone polymers 

improved mill release of the phosphonitrilic fluoroelastomere 

Since good mill release is necessary for O-ring production, 

we have incorporated the testing of silicone-containing stocks 

into the present contract work. Six parts of Silastic 410 

were added to both a black and a silica stocke The silica 

stock showed reduced stickiness but did not handle nearly 

as well as the black stock which gave excellent release. A 

larger amount of silicone will probably be necessary with the 

silica compounds o 
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Table VIII iELast~ates the effect of Silastic 410 (6 parts) 

on cure and normal stress-strain properties, Times to 

optEmum cure were increased slightly by the silicone polymer, 

The cured valeanizate stress-strain properties were unaffected 

in the case of the black stocks and slightly improved for the 

silica stock, Compression set amd tear strength were not 

adversely affected, Further testing of these stocks is in 

preugress, 

Table VIII also shows results of a study of post-cure 

condztions OM vulcanizate properties, Our prevrous work 

usually utLLazed a 24 hrs,/ZL?~F post-cure which generally 

provided an improvement in normal stress-strain properties, 

It was felt that Further improvements in properties and time 

saving could be realized by effecting the post-cures at higher 

temperature, However, no significient improvements were 

obtained in stress-strain and hardness properties, Heat- 

resistance and final compression set measurements must be 

made before a fin&L conclusion can be obtained as to the 

benefuts, if' any, of a post cure, 

III. SUMMARY OF THIRD AND FOURTH QUARTER RESULTS 

A, Continuataon of Second Quarter Result8 

1, Aged Stress-Strain 

The Quso WR-$2 reinforced O-rping compounds (Table VI) 

Table VIII illustrates the effect of Silastic 410 (6 parts) 

on cure and normal stress=strain propertieso Times to 

optimum cure were increased slightly by the silicone polymero 

The cured vulcanizate stress~strain properties were unaffected 

in the case of the black stocks and slightly improved for the 

silica stocke Compression set and tear strength were not 

adversely affected, Further testing of these stocks is in 

progress,., 

Table VIII also shows results of a study of post-cure 

conditions on vulcanizate properties. Our prevlous work 

usually uh11zed a 24 hrs./212°F post-cure which generally 

provl.ded an improvement in normal stress-strain propertieso 

It was felt that further improvements in properties and time 

saving could be realized by effecting the post-cures at higher 

temperature~ However~ no significient improvements were 

obtained in stress~strain and hardness properties~ Heat

resistance and final compression set measurements must be 

made before a final conclusion can be obtained as to the 

benefits, if anYI of a post cure. 

III. SUMMARY OF THIRD AND FOURTH QUARTER RESULTS 

A. Continuahon of Second Quarter Results 

L Aged Stress=Stral.n 

The QU60 WR~82 reinforced O=ring compounds (Table VI) 



exhibited exe;:eilent retention of stress-strann and hardness 

properties after 67;;: hrs p @ jOO~F (azrjl 2Y'i°F (an) and 

275V (hydraul;e flund), It is evident that O-rings fabricated 

from these compounds shculd be servrceable aiter exposure to 

the following eondit8sns: 672 hr"~, 8 275CjF (air and hydraulic 

flulid), 6?pZ Ears. 8 305°F (air) and 245 hrs, @ 350°F (air), 

Quso Ml-82 rc~nfosrced 5-rmg compounds con~.arnuq varynng 

Xevel_s of bjlCLq2 WC: ('Tabh VII> also exhibit good retention 

of stress-strain and hardneac propertree after 672 kirs, d 

27Y°F’ (aar and hydrauirc ?lud), 

Different post-cure condltnons on both Q~uso WR-82 and FEF 

black reimforced O-rang compounds have essentially no effect 

on heat resPst.snce 63 355°F (air). In fact the samples with 

no GXL :dre ~py~ear co be essentlaliy eq.lal in heat resistance 

to the ones pt;st cured @ 292-3@j5*F, 

In view of s-serall mechanIca properties wfth and without 

peat cures there appears to be no advantage to be gained from 

post curang of these O-rnng mmpoumds, 

2. Low Temperature Pro;perties 

Computer print-outs for Gehman tests on all O-ring compounds 

contained in Tables II to VIII have been filed with the 

origrraal notebook data for this project, Young*s Bending 

Madul~s*oef selected stocks at low temperatures have also been 

filed with :.he orrgzxral data- The addntnon of silicone 
* Young9s Bendlrq Moddhs &so referred to as Young's Modulus in 

Flexure: (ASTN D?q?) 4.3 otPr7-r patrons of thrs rey,ort, 
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exhibl.ted excellent retemtion of stress-stral.n and hardness 

propertles after 672 hI's. @ JOO°}<'" (aB')) ;'~75°Jt' (a1.r) and 

275°P (hydraul~c fluid)o It i6 evident that O-r1.ngs fabricated 

from theBe compounds should be serv1.ceable after exposure to 

the follow~ng conditions: 672 hI'S, @ 275c'F (al.r and hydraulic 

fluid)~ h?2 hI's .. @300c F (air) and 240 hra. @ 350°F (air)o 

Quso W.R=82 rtHnforced O-n,ll.g compounds contalnJ.ng vary1.ng 

levels (; f DJ.L up !.tOG ('I'a hie Vn) also exhibit good retenhon 

of stres6=8tr8.111 and hat'dne56 proper't1.8S after 672 hrso @ 

275°]"' (al.r and hydrauhc flU.ld), 

Different post-cure condl.hons on both Quso WR-82 and FEF 

black reinforced O~r:lng compounds have essentially no effect 

on heat reSl.stance @ 3000 F (air). In fact the samples with 

no O;)st :ure dppear to be essent1ally equal in heat resl.stance 

to the ones post cured @ 212-350o F. 

In V1ew of overall mechanlcal properties wl.th and without 

post cures there appears to be no advantage to be gained from 

post curl.ng of these O=r1ng compounds, 

2, .Low Temperatur~pe:rties 

Computer p:t'int=outs 'for Gehman tests on all O-ring compounds 

contained in Tables II to VIII have been filed with the 

origJ..nal notebook data for this projecL Young's Bending 

Modulus·of selected stocks at low temperatures have also been 

filed Wl. th the o.ng:lnal data -. The add1 t:ton of E31.1icone 
Young's Bendlng Modulus a~so referred to as Young's Modulus in 
Flexure: (ASTM D797) in ot"rr,r-e( tiona of ttU6 l'eTIort, 



rubber, Silastle 4lO (6 phr), to Quso WR-82 or FEF black 

reinforced compounds results in a sligh,t improvement in low 

temperature flexibility, i.e,, lower modu%us of rigidity, 

30 B 

Quso WR-82 renwforced O-ring compounds (Table VXI> have 

excellent compression set after 70 hrs, @ 275OF (air>, The 

use of Tribase in place of Stan Mag EL6 (R-191,979) resulted 

in a significant 33crease in compressisn set, The replacement 

of 10 phr Quso WR-$2 with the correspsnding amount of Srlanox 

181 resulted In a slight increase In compression set (see 

R-191,973)0 Oompression set is also improved by increasing 

the Dicup 4OO level_ from Cl,5 to 1,5 phr, i-e,, increasing 

crosslink density, 

The addItioni of silicone rubber (6 phr) to Quso ~~-82 and 

FEF black-reinforced O-ring compounds (TabPe VIII> results in 

a signifncant nmprovement in the compression set properties of 

these compounds at 275OF-. The post-cure conditions have only 

a slight effect on compression set, _i+e,, higher post-cure 

temperatures, 275-jJ3YFa produce slightly lower values, 

B. Summary of Second and Third Quarter Results 

1. es to Improve Hardness and Tear Resistance 
of Carbon Black Reinforced O-Ring Oompounds (R-193,225-227 
and -2-19) (Table IX> 

Studies conducted in the first two quarters of this contract 

(Tables II. IV, V and VIII) revealed that carbon black 
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rubber9 Silastic 410 (6 phr), to Quso WR-82 or FEF black 

reinforced compounds results 1n a slight improvement in low 

temperature flexibility. i"e~. lower modulus of rigidity. 

3. Compress1on Set 

Quso WR-82 reulforced O-ring compounds (Table VII) have 

excellent compres81on set after 70 hr5, @ 275°F (a~r)o The 

use of Tnbase in place of Stan Mag ELC (R~191?9?9) resulted 

in a s:tgm.fi.cant 'increase in compression set. The replacement 

of 10 phr Quso WR=82 wl.th the correspond1ng amount of S:tlanox 

101 resulted 1n a sllght increase 1n compres610n Bet (see 

R-191 9 973)o Compression set 15 a180 improved by increasing 

the D1CUP 40c level from 0,5 to 1.5 phr, 2:,±, increasing 

crosslink dens1ty. 

The addl. han or Sl h cone rubber (6 phr) to Quso WR-82 and 

FEF black-re1flforced O-ring compounds (Table VIII) results in 

a sign1f1cant improvement in the compress10n set properties of 

these compounds at 27.5°F, The post~cure cond1tions have only 

a s11ght effect on compression set" 1.90, higher post-cure 

temperatures~ 275=)50°F~ produce slightly lower valueso 

B. Surnmarl of Secon~ and Thl.rd Quarter Resul~ 

1. CompoundintL Studies to Improve Hardness and Tear Resist!ln.£!, 
of Carbon Black Re~nforced O~Ring Compounds (R-193.225-227 
and -21"S? ~2I9) _(Table IX) 

Studl.es conducted l.n the first two quarters of this contract 

(Tables II, IV~ V and VIII) revealed that carbon black 
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reinf~r-ced o--p.iplg compounds hare rePatPvely low hardness 

values (%3-G'?) and tear 6'tmm$th C73nF) (27 to 2.U. ppi), 

higbPy reinferesng carbon black, SAF, was evaluated with 

and Austin black in compounds R-193,225. 226 and 227* 

Chem-Link: 30 (3 phr), a crosslink promoter, was added in 

compound R-n93,218 to increase modulus and hardness, 

A 

Cab-0-lnte P-4 (20 phr) was added to compound R-193,219 to 

increase hardness, The phgsaeal properties of these O-ring 

compounds ~111 now be discussed in detail, 

a, Monsanto Rheometer Cure -= All compounds exhibit good 

sco.rc h resrstance at 3.350~ with the exception of -218 

which has a seosch time of 1,6 rnln All five compounds 

have suntabPe cure charac%er%stics at 370*F with optimum 

cures generally occurring at 4 to 8 minutes, It should 

be noted that a larger amount of peroxide must be added 

to achieve a good cure state when SAF is used as a 

relnforcing agent, Chem-Link 30 appears to function as a 

co-agent sifice it increases the cure state, 

appears to fumtfon as an aeeelerator, Poesc) 

rate: 

Cab-0-lite P-4 

faster cure 

b, Stress-Strain Properties -- The stress-strain properties 

of these compounds are consndered adequate for O-ring 

applications, Rowever, SAF black does not appear to 

provide the degree of reinforcement that would be 

antielpated- 
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reinforced O=xing compounds have relatively low hardness 

values (43-67) and tear strength (73°F) t2'1 to 111 ppi), A 

highly reinforcl.ng carbon black~ SAF, was evaluated with FEF 

and Aust1u black in compounds R=193.225~ 226 and 227~ 

Chem-Ll.nk 30 <3 phr) i a crosslink promoter.. was added in 

compound R-193 l 218 to increase modulus and hardness o 

Cab-O~lite p=4 (20 phr) was added to compound R=193,2l9 to 

increase hardness, The physlcal properties of these O~ring 

compounds w:l11 now be discussed in. detail, 

ao Monsanto Rheometer Cure == All compounds exhibit good 

scorch res.tstance at 335c F with the exception of -218 

which has a scorch t~me of 1.6 ml.n. All five compounds 

have sUltable cure charactenstics at. 3?OOF with optimum 

cures generally occurring at 4 to 8 minutes~ It should 

be noted that a larger amount of peroxide must be added 

to achieve a good cure state when SAF is used as a 

relnforC:ing agento Chem=Link 30 appears to function as a 

co~agent s~nce it increases the cure state~ Cab-O-lite p-4 

appears to function as an accelerator, ~9 faster cure 

rate~ 

b~ Stress=Strain Properties == The stress=s~rain properties 

of these compounds are considered adequate for O-ring 

appllcat1ons, However, SAF black does not appear to 

proVl.de the degree of reinforcement that would be 

antic.lpated. 
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co Aged streaa-StPaan Properties ___I__- -- These compounds have fair 

retention of properales after 672 hrs; @? 275OF (anr) and 

240 hrs, @ 3OO=F (air) ~ Howewer, after 240 hrs- @ 350°F 

(air) and 672 hrs, B 275°F (hydraulic fluid -- Mil-H-5606-C) 

these compounds exhibft a significant loss in modulus and 

tensile strength, The heat resistance of these compounds may 

not be adequate for O-ring applications Involving long term 

use (1000 hrs,) at 2750F in hydraulic iluids, 

d, Normal and Aged Shore A Hardness =- The addition of Chem-Link 

30 (-~~81 end Cab-0-Lte P-4 (-219) did not result in an 

increase in hardness, The hardness values of these compounds 

(44-53) are considered too low for 0-,rlng applications. These 

compounds bat-e good retentzon of hardness upon extended aging 

at 275-350°F an air and at 275OF bn hydraulic fluid, 

e. Compression Set (70 hrs. @ 275°F) -- All compounds exhibit fair 

compressbon set, except -226 which contazns 10 phr of SAF black. 

Compound -218 exhibits the lowest compresslon set (25%) which 

f. Tear Strengtji (75°F") -- -..1_- rr__-- Theljt compounds exhnbit only fair tear 

strqqh. (l&y i.;2 pp1), The USA? of I.0 phr of SAF black C-226) 

evidently results in a modest Increase In tear strength (112 ppi> 

relatnve to the other compounds, 

$* Abrasrve Index -- These compounds have fair-good abrasion 

resistance, Compound -219, containing Cab-0-Snte P-4, 

exhibits the best abrasive Index (loo%), 
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Co p,ged S tr€sB~5t £81!1 Pr0.12ertie<~~ ~= These compounds have fair 

retentlon of propert~es after 672 hra, @ 275°F (alr) and 

2
'
..a hrs. @ 300c F (air), However, after 240 hrs, @ 350°F 

(air) and 672 hrso @ 275°F (hydraulic flu~d -- Mil-H-5606-C) 

these compounds exhiblt a signiflcant loss in modulus and 

tensile strength. The heat resistance of these compounds may 

not be adequate for O-ring app1ications lnvolvlng long term 

use (1000 hrs,) at 2}5°~' in h,Y'draulic fluids. 

d. Normal and Aged Shore A Hardness -- The addition of Chern-Link 

30 (-218) tind Cab-O-hte p-4 (=219) did not result in an 

increase in hardness, The hardness values of these compounds 

(44-53) are considered too low for O-nng applications. These 

compounds have good retentlon of hardness upon extended aging 

at 275-350o F ln air and at 275°F in hydraulic fluid. 

e. Compression Set (70 hrs. @ 275°F) -- All compounds exhibit fair 

compres61on set except -226 which contalns 10 phr of SAF black. 

Compound -218 exhlbi ts the lowest compresslC"m set (25%) WhlCh 

1S aSBoclaterl with 1tS hlgher cure state. 

f. Tea 1: S.!tenglii (/50 r) =. Thes€:; compoutld6 exhl.tn t only fair tear 

strength C/4·1L2 PP1), The use of 10 phI' of SAF black (-226) 

evidently results in a modest lDcrease 10 tear strength (112 ppi) 

relat1ve to the other compounds. 

g. Abrasive Index -- These compounds have fair-good abrasion 

resistanceo Compound =219~ containing Cab-O-lite p~4t 

exhlbits the best abrasive index (100%), 
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h. ?_ow Temperature I'ronertles =- (original data on file at AMMRC) 

The Gehman TIO values range from -49 to -6TOF while the apparent 

modulus o f rngad~ty <q -70°F’ ranges from l?35 to 2994 pen. The 

Young's BendIng Modulus at -580~ ranges from 161.9 to 3245 psi. 

On the basis oi' these data, these compounds should be serviceable 

Al.1 of these compounds have excellent 

c I* i.e,, iroi:,me _-' svePL ranges from 7.5 

to fj.rg. * Ali rive ctrnr~ounds also have excellent resnstance to 

Mxl-H-~hG&=C hydraulic fluid at 73 and Lyf;"F, 

2. Phosphonitrli-i,c Fiuoroela;tomer &Ring Compounds SubmItted to_ 
larker Seai fr,r Eval~~tron I----^ (Endof Second Quar%wlT uII 

Two Lompounds were sunmittcd to Parker Seni for fabrication and 

phys3.caY testIn,- of G-r-Lngs+ CGmpOUr;d R-.19,5i228 was a Q,uso WR-82 

reinforced ccmpound containing Dacup 4OC eurlng agent, Compound 

-229 was ldent3cal to -228 except for the addition of Silastic 410 

(15 phr)(sil scone rubber) to Improve ml11 release. The results of 

physical testing of these compounds at Firestone will be discussed 

prior to dlscusslon of Parker Seal's results, 

a. Rubber Mill Processing -- Compound -226 stlcks to mill rolls 

and tends to split to both rolls, However, this stock exhibited 

good green strength and formed a smooth sheet, The addition of 

15 phr of SIlastic 410, compound -228, results in improved mill 

release and less tendency to split to both rolls, Roth 

compounds ape st:ill quite difficult to process on a rubber mill. 
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h. Low T~eratu!!_Pr.2.£ertie~ u (anginal data on file at AMI·IRC) 

The Gehman TIO values range from -49 to -63°F while the apparent 

modul us of ng1.d:t ty (q: -"10°F' ranges from 1735 to 2994 PSl.. The 

Youngs Bending Modulus at -58°F ranges from 1619 to 3245 psi. 

On the bas::ts oj these data, these compounds should be serviceable 

~. Res1ctance to Fl~~ds All of these r:ompounds have excellent 

reSJstance to ASTM F .. H~l C, .1.e., volume swell ranges from 7.5 

to 9.2%. j\~l J:1.ve compounds also have excellent resH5tance to 

M~1-H-5606-c hydrauhc .flUid at 73 and 2?5°l<~> 

2. Phosphoni tn}lc Fluoroelaatomer 0,-Rwg CompoU:.I!ds Subml.~ted to 
Parker Seal)(Jr E~.2;lation (End of Second Quat;ter)(Table X) 

'rwo compounds were sut)m:;.ttcd to Parker Seal for i'abn.cation and 

phYSlcal teshng of 0- nngs. Compound R··19.3, 228 was R Quso WR-82 

reinforced compound contal.ning Dl.cup 40C curl.ng agent. Compound 

-229 was ldentical to -228 except for the addihon of Silastic 410 

(15 phr)(silicone rubber) to 1mprove m11l release. The results of 

phys1cal testing of these compounds at Firestone will be discussed 

prior to discussl.on of Parker Seal's results. 

a. Rubber MHI Processl.ng -- Compound -228 shcks to mI.ll rolls 

and tends to split to both rolls. However, this stock exhibited 

good green strength and formed a smooth sheet. The addition of 

15 phr of S1lastic 410, compound -228 j results in improved mill 

release and less tendency to split to both rolls# Both 

compounds are 6till qUl.te diffl.cult to process on a rubber mill. 
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b. Stress-Strain =- Eoth compounds have stress-strain properties 

that are acceptable for O-ring applications, isea high 50 and 

100% modull, good tensile strengths and elongations (at break) 

of 115~143%* The addition of Silastic 410 (13 phr) results 

In a modest increase in the state of cure. 

c. Shore A Hardness -- The hardness value for -228 (55) is 

sllghtiy iow for O-rings, but the value for -229 (70) IS 

csnsldered acceptabler 

d. Compressron Set (70 hrs, @ 275*F) -- 30th cornFounds have 

excellent compression set properties, Compound -229, 

containing Sllastic 410, has slightly lower compression set 

than -228 which may be attributed to the higher cure state of 

-228. The compression set of plied disks appears to be about 

7-8% higher than those for cylinders. Both compounds have 

compression set properties suitable for O-ring applications. 

e. Tear Strength -- Both compounds have fair tear strength at 

73°F (E 110 ppi>* Compounding studies should be conducted to 

increase tear strengths into the 150-250 ppi range, 

f. NBS Abrasive Index -- The abrasive index for -228 was 110% of 

the control, This is considered excellent abrsnslon resistance 

since the contml 1s a MFC Slack-relnforc:ed NR v!i'l_can1.::a;,e (ASTM n-163 

The abrasion res7.stance of -229 was not determrned due to iack 

of a sample, 

g. ,A_E;d Stress-Strain -- Stress-strain measurements were carried 

out on cut-ring specimens that are more similar to O-ring 
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b. Stress-Stra~ -- Both compounds have stress-strain properties 

that are acceptable for O-ring applications, i~eo, high 50 and 

100% moduh, good tensile strengths and elongations (at break) 

of 115~143%. The addition of Silastic 410 (15 phr) results 

~n a modest ~ncrease in the state of cure. 

c. Shore A Hardness -- The hardness value for -228 (55) is 

sl~ghtiy low for O-rin~s. but the value for -229 (70) is 

consldered acceptable. 

d. Compress10n Set (70 hrs. @ 275°F) -- 30th compounds have 

excellent compression set properties. Compound -229, 

contain1ng S~lastic 410, has slightly lower compression set 

than -228 wh~ch may be attr1buted to the higher cure state of 

-228. The compression set of plied disks appears to be about 

7-8% higher than those for cylinders. Both compounds have 

compres~non set properties sui table for O-ring applications. 

e. Tear Strength -- Both compounds have fair tear strength at 

73°F (~. 110 ppi). Compounding studies should be conducted to 

increase tear strengths into the 150-250 ppi range. 

f. NBS Abras1ve Index The abrasive index for -228 was 110% of 

the control. This is considered excell€nt abrnS10n resistance 

since the control Hi a MFC black-re1nforced NR vulCiin1.zii;;e (J\STM D-l6~ 

The abrasion resJ.stance of -229 was not determined due to lack 

of a sample. 

g. ~ed Stress-Strain -- Stress-strain measurements were carried 

out on cut~ring specimens that are more similar to O-ring 
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geometry than are dumbbell specimens, Thus, the stress-strain 

data obtained on cut-ring specimens should approximate data for 

O-ring specimens, The stress-strain properties of unaged cut- 

ring specimens are quite different from those of dumbbells, 

The cut-ring specimens have lower moduln, slightly lower tensile 

strength, and higher elongatson at break relative to dumbbell 

specimens, The elongation (at break) specification for O-rings 

is generally stated to be 150% to allow for safety in demolding 

of specimens a6 well as installation over shafts, Therefore, 

cut-rmg specrmens should be used for stress-strain measure- 

ments on 0-ring compounds* Also, a h;;.gher le*Jel of peroxide 

shoclld be used than would be indicated by stress-strain 

measurements WI dumbbell suecimens, 

Cut-ring specimens, both -228 and -229, have excellent 

retention of stress-strain properties after aging at 672 hrs, 

8 275OF and 300°F (air) and 336 hrs. @ 350°F (air> and 672 hrs, 

Q 275OF {hydraulic fiuxd -- Mil-H-5606-C). The 50 and 100% 

moduln actua:ly increase upon agrng .LPI air at; 275-350OF. In 

summary, these 0-ring compounds exhibit excellent heat 

res1sLance at 2r15"F PR hydraulic fluid and 27'5-35OOF in air, 

h. Low Temperatnrc Properties =- (Figures 'Z-10, Tables XXII and 

XXIII) Compound -228 has a TEO vallle of -58OF and an apparent 

modulus of rigidity at -67OF of 2937 psi, Compound -229 has 

aT 
10 

value of -6q*F and an apparent modulus of rigidity at 

geometry than are dumbbell specimens, Thus, the stress-strain 

data obtained on cut~ring specimens should approximate data for 

O-ring speclmens, The stress~Btra1n properties of unaged cut

ring spec1mens are qtU te different from those of dumbbellso 

The cut-r1ng s~ec1mens have lower modul~, s11ghtly lower tensile 

strength, and higher elongat1on at break relative to dumbbell 

spec1mens. The elongation (at break) specification for O-rings 

18 generally stated to be 150% to allow for safety 1n demolding 

of specimens as well as installation over shafts~ Therefore, 

cut-r1ng spec1mens should be used for stress-strain measure

ments on O-rlng compounds. Also. a t~gher le'/e1 of peroxide 

should be used than would be ind1cated hy stress-strain 

measur"?ments on dumbbell specimens,. 

Cut-ring specimens, both -228 and -229, have excellent 

retention of stress-strain properties after aging at 672 hrs. 

@ 275°F and 3000 F (air) and 336 hrs. @ 3500 F (air) and 672 hrs. 

@ 275°F (h,Ydraul.i..c flUl.d ;hl .. H-560~=C). Th~ 50 and 100% 

moduli actua dy .... ncrease upon ag1ng In Blr at 275-350o F. In 

summarYi these O-ring compounds exhib1t excellent heat 

reS1st.ance at 2l5°F in hydraulic fluid and 275-3500 F in air. 

h. Low Temperature Properties -~ (Figures 7-10, Tables XXII and 

XXIII) CompoU.!ld ~228 has a TIO value of -58°F and an apparent 

modulus of rigidity at -67°F of 2937 psi. Compound -229 has 

a TIO value of ~67°F and an apparent modulus of rigidity at 



-6y=F of l$k9 ps,, Therefore, the addntisn of Silastic 410 

(a5 pkr) results In a modest improvement ip1 low temperature 

flexnbnlsty- The Youung~ Bend~.ng Modulus at -@OF for -228 is 

3671, psa, Bath sf these compounds should be flexible down 

to -6'j to -7(jOF, 

1, Fluid Resasa.aace -= Compound -228 has excellerit resistance I_ 

at ']_5"F1 The addntion of 

_22$j, r,esults gn decreased 

% ~csiume swell), but 

expected i:o pr-crvlde better sealing properties than the 0.5% 

value observed for 428, Both of these compounds are 

considered acceptable for use ux 0-rnngs operating in 

MiLH-56064, 

j- -_ Parker Seal $,s Evaluation of Compounds ~4193,228 and R-193,229 
Uppemdix PI contains the report supplied by Parker Seal) 

1.. Mnii Processk -- Both stocks exhibIted poor mill 

process1ng7 i,e,, stick to miPP roLLa, --_- The stock containing 

S;Plastrc 410 (15 phr) had slqhtly better mill release but 

lower green strength, Addntsonal Dlcup 4OC (1 phr) was 

added to compound R-193,228 to increase the cure state. 

CL* Monsanto Rheometer Cure -- z- Both compounds have acceptable 

cure rate6 at 370°F (6-8 minutes), Compound -228 appears 

to have a s*kghLPy hqher cure state- 
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=6?OF of 1?~9 PSl., Therefore~ the add:ttion of Silastic 410 

(15 phr) results in a modest improvement in low temperature 

fle:.n bH:l ty The Youngs Bendl.ng Modulus at -58°F for -228 is 

36n psL Both of these compounds .should be flexible down 

to -65 to _700 F < 

i 0 Fluid Resistan.c·e == Compound -228 has excellent resistance 

j. 

Silastlc 4·10 ( 15 ph!'), compound=229 l results in decrease:! 

resistance to AS'l'M ]<~uel C (20,,6 %'lOlume swell), but 

resistance to MllAj-)606~c 1.8 st~l1 guod (6,2% volume swell). 

In fact, a volume swell of 2-6% in hydraulic fluid would be 

expected to provide better seahng properties than the 0.5% 

value ob8erved for =.228,. Both of these compounds are 

cons~dered acceptable for use 1n O-Tlngs operating in 

Parker Seal's Evaluat.lon of Com unds R-193 228 and R-193 229 
(Appendix II contains the_report supplied by Parker Seal 

1, ~n . Proce8oi~ u Both stocks exhi bl. ted poor mi 11 

proc,eSSl.ng, .!.:.~!.~ sb.ck to mill rolls., The stock containing 

Sl.lastic 410 (15 ph.r) had slightly better mill release but 

lower green strengtho Addihonal Dl.cup 40C (1 phr) was 

added to compound R-193~228 to increase the cure state .. 

2. Monsanto R~~omet~r~ure -- Both compounds have acceptable 

cure rates at 3700 F (6-8 minutes)" Compound -228 appears 

to have a slightly h1gher cure state~ 
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strairi data fQP the O-rmg specimen (-228) is comparable 

to the srreas-strakn data obtained on cut-ring specimens 

of the Same c~3mpounaS at F'i~stone~ 

4. Shore A Sardness -- The Shore A Hapdnesa for -228 and -229 PP--_B- 

(65 and %.,S, respesrnvely) are about PO points Power than 

the fPuorosrlneone controi, 

50 RWJ_&~~C~ ,%o Hydraulxc Flr;lids, Mil-H-5606-C and -H-83282 -- _- 

Both compournd -428 and -23 have fair resrstance to Mil-H- 

5606-C at jOPF, Modulun and hardness exhnbit fairly large 

decreasas, 'cena;le strength decreases slrght3.y and 

elongation (d break) .xn,creases by a large amount. The 

% we&&t Change and volume swePS are a2s;o fairly hngh. 

Kn M~T-H-=8,3282 ~ompsundq -228 and. -229 exhibit slightly 

better weprention of stress-atrann propertnes, Weight 

change ax-d % voiume swell are also much lower, 

6, Csrn~res~~on Set (XI lass, 8 SOPF)_ -= Gompounda -228 and ~j*---.yll-__ll.___e__e 

-229 have good z-e: pwpe~tne~ efter 70 k.m, @ iOZCF in 

a1r (35%i, Eio~ever,, ~\nder the same e~~dnt.3.ons xn 

iJl;el-Fi~-j&G-e:: the % compre~s~an set values are much higher 

(@-57%1x. These data imply that there is more degradation 

of these compo~ndr: in Nil-B-YX&-C than in air under 

esmparablt! condiPnPsn:s 1 

~229 have s"tce15Eh3train pl"operb.,res comparable to the 

fluoros:L1iccme O=r:tng ::::ontl1'ol (L6?7~?O), The stress-

strain data for the O-n.ng specimen (=-228) is comparable 

to the st rease-strain data obtained on cut~ring specimens 

of the same compound at Fire5tone< 

4. Shore A Hardness ~~ The Shore A Hardnes5 for -228 and -229 

(65 and 6~, respectl vely) are about 10 points lower than 

the fluoroslilcone control D 

54 Reslstance to Hydraullc Fluids, Mil-H-5606-c and -H-83282 --

Both compound ~228 and -229 have fair reslstance to Mil-H-

5606 .. C B. t 5020 F ~ Modul UB and hardness exhl bit fairly large 

decreases, tens lIe strength decreases slightly and 

elongation (@ break) :l.ncreases by a large amount. The 

% weight ~hange and volume swell are also falrly high. 

In Ml1-H.o83282'.:ompounds, ·-228 and -229 exhibit slightly 

better retention of streas~Btraul propertJ.es, We1ght 

change ahd % vol.ume swell are also much lower~ 

a:!T (35%) , However, i.lnder the samH condl. t10ns ~n 

i'11.1-,H, :5606-(; the % ~ompre6S:d:m set values are much higher 

(49a-57%) These data imply that there is more degradation 

of these compounds in Mil~H=5606~c than in ai.r under 

comparable t;ondit:JLOn6, 



70 Z)ynamlc Seal Yhew_" Tests -- O-Rings constructed from 

compounds -228 and -229 were evaluated zn Parker Sealss 

"Chew!! teste: 
:6 i 

The 0-rmg 1s nounted m a holder in 

contact with Mrl-H-5606-C while a rod is cycled through 

the center of the O-ring, Both of these O-rings were 

compared 20 a fluorosilicone C-ring control (~677-70)~ 

Both C-rings (-228 and -229) failed due to rolling and 

tearing u This mode of failure was probably due to a 

combination of iow modulus and low tear strength, The 

prime obJective in future O-ring development studies 

should be to improve modulus and tear strength. 

8. Low Temperature Performance -- It is generally accepted 

that an O-ring will effectively seai lOoF below its 

TR(10) value, The TR(l0) value for -228 is -67OF and 

indicates service down to -77OF_ The TR(10) value for 

-229 is -79°F and indicates service down to -89OF. The 

addition of Silastrc 410 (15 phr) extends the lower service 

temperature by B2OF, 

3. Phosphonntrilrc Fluoroelastomer O-Ring Compound Sent to the 
Army (Watertown) for Environmental Testing (Table XI> 

This compound (R-194,234) contained Quso ~~-82 (30 phr) reinforcing 

silica and the standard stabilization and cure system, The 

masterbateh (ail components except stabilizer and peroxide) was 

mixed in a Brabender mixer (10 batches), These masterbatches 

were then blended on a rubber mill and the stabilizer and peroxide 

were added and thoroughly mixed with the masterbatehes. 
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7 $ Dynarfil.c Seal "Chew." Tests -- O~Rl.ngs constructed from 

compounds -228 and -229 were evaluated ~n Parker Seal's 

(6 \ 
"Chew" te.ste?:' The O-rl.ng ~s mounted ln a holder in 

contact with Ml.I-H-5606-C while a rod is cycled through 

the center of the O-ring~ Both of these O-rings were 

compared to a fluorosilicone O-ring control (L677-70)o 

Both O~r~ngs (-228 and -229) failed due to roll1.ng and 

tearing, Th1.s mode of failure was probably due to a 

combination of low modulus and low tear strengtho The 

prime obJective in future O~r1ng development studies 

should be to :improve modulus and tear strength. 

8. Low Temperatu~ Performance -- It 16 generally accepted 

that an O~rl.ng will effectively seal 10°F below its 

TR(lO) value. The TR(lO) value for -228 1.S -67°F and 

1ndlcates sernee down to -77°F" The TR(lO) value for 

=229 is ~79°F and indicates service down to -89°F. The 

additl.on of Silastl.c 410 (15 phr) extends the lower service 

temperature by 12°F~ 

3. Phosphonl.trihc Fluoroelastomer O-Rl.n Comncund Sent to the 
Army (Watertown) for Environmental Testing (Table XI 

This compound (R-194,234) contained Quso WR=82 (30 phr) reinforcing 

silica and the statdard stabilization and cure system¢ The 

masterbatch Call components except stab.llizer and perox1.de) was 

mixed in a Brabender mixer (10 batches)< These masterbatches 

were then blended on a rubber mill and the stabill.zer and peroxide 

were added and thoroughly m1xed with the masterbatches. 
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a, Stress-Strain -- Measurements were made on dumbbell 

specimens which were cut both with and against mill grain, 

The specnmens cut against rni.1; grain have slightly lower 

moduPi and teP;sile strengths and slsghtly hngher elongations 

and tensJLonv set values, The cut-rnng specimens (,050" slabs) 

have 50% modulli slightly $awer than the dumbbell specimens 

which were cut agalnst the grain, The 100% moduln are slightly 

higher than the against-grain dumbbell value, while tensile 

strength PS essentially the same as the with-grain dumbbell 

val,cs? The elongation at break 1s tAgher than either 

dumbbell value- However, when ring speeimefis are cut from 

0,075" siaba the 50% and 100% mo&;ali are lower than the 

against-grain dumbbell value, The tensile strength is again 

essentially the same as the wnth-graxn dumbbell value, while 

the elongation (at break) is*muek higher than enther dumbbell 

value. The stress-strain properties of cut-rzuq specimens do 

not appear to correlate with grain effects and must be more a 

resuPt of the geometry of the speermen, 

b, Shore A Hardness -- The hardness val,ue of 65 durometer is 

acceptabfe for O-ring applssations, 

c. 96 Compressx2n Set -- The % eompressxon set values at 275, 300 

and 3.~59~ are 34, 38 and 39, respectively, These values are 

acceptable for most O-ring applications, It is significant 

that the compression set changes so l.ittle over a range of 

275 to 32JFF 
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a~ Stress~Strain =~ Measurements were made on dumbbell 

specimens which were cut both with and against mill graino 

The spec1mens ~ut against mill grain have slightly lower 

moduli and tensile strengths and s12ghtly h~gher elongations 

and tension set values n The cut-ring specimens C.050" slabs) 

have 50% moduli slightly lower than the dumbbell specimens 

which were cut against the grainD The 100% modulJ. are slightly 

higher than the against=gra1n dumbbell value~ while tensile 

strength 15 essentially the same as the wJ.th-grain dumbbell 

vah ... ec The elongation at break 16 rugher than either 

dumbbell value· However; when ring specimens are cut from 

0¢075" slabs the 50% and 100% moduli are lower than the 

against=gra:in dumbbell value., The tensi1e strength is again 

essentially the same as the with=gra1n dumbbell value, while 

the elongation (at break) is "much higher than either dumbbell 

value. The stress-strain properties of cut-rl.ng specimens do 

not appear te correlate wl.th grain effects and must be more a 

result of the geometry of the specimen, 

b$ Shore A Hardness ~- The hardness value of 65 durometer is 

acceptable for O-r1ng application6~ 

The % compress10n set values at 275, 300 

and 325°F are34 y 38 and 399 respectivelyc These values are 

acceptable fer most O=ring applicationso It is significant 

that the compression set changes SOl little over a range of 

275 to 325°F 
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d. NBS Abrasive Pn:dex =- The va$,ue 0.f 88 i.6 csns1Ldered to 

indzeate excellent abrasion resi.s%ance, 

e, Aged Stress-Straan -- Stress-swain measurements were carried 

out on agsd cut-rnng and dumbbeKL specimens, The moduli of 

the cut-ring speclmsna actually increased on aging at 300 

and 35PF ~n axr3 Tne tensile airength is esssntfal?iy 

uncharged af,%ar 240 bra, a% _WWF and undergoes anly a slight 

decrease af'ces 336 bps;, AfYer 3'36 bra, at 3gWF in air the 

tensnle strength has de62reasad to 597 pa%, The elongation 

(@ break) dec;eai?ei; tipon aghng a? both )OO and 350°F, 

The 30% and i(PO% msdulr of dumbbe9P afreenmens also 9ncrease 

upon agasg a-& 300 and 350°F xn aabr- The tensile strength is 

essenflaliy unchanged after 3.36 krs, at jOOnF In air and 

decreases to 451 ps~ after 336 krs, at 35CPF In air, The 

elongatlsn C@ break) also decreases upon aging at 300 and 350°F 

in air, AYthough the 50% and lO0~ module of the dumbbell 

speelmens are ong_inaPly much higher than Lhoae of the cut-ring 

speelmens, upon aging a% 350nF the values for cut-ring and 

dumbbell specimens gradually approach each other., This 

e.ffeet results xh a much bet%er $6 r&entnon of stress-strain 

propertnes for cut-ring spselmens relative to dumbbell 

specimens, !lXe greater % 'rose; of stress-straxn properties may 

result from a combination of thermal degradation and loss of 

maBl graan cdntributian forsentation effect)., Therefore, it is 

concluded that pnosphon~.triiic fluorselastcmer O-ring compounds 

have be%ter heat resxs%anee at 300-350cF than was previously 
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d. NBS Abrasive Index ~- The value of 88 is considered to 

ind1cate excellent abrasion resistance, 

e. Aged Stresi5=Stral.ti =~ Stress-strain measurements were carried 

out on aged cut~rlng and dumbbell specimenso The moduli of 

the cut-ring specimens actually increased on aging at 300 

and 350°F H, a:Lro The tensile strength is essentially 

unchanged after 240 hrs" at 300°F and undergoes only a slight 

decrease after 336 n1"5= After y,6 hr8, at 350c F .in air the 

tens:lle strength has decreased to ,97 polo The elongation 

(@ break) dec 7elU.l86 U.pon ag:mg a t both 300 and 3500 F < 

The 50% and iOO% modul:!o of dumbbell spenmens also l.ncrease 

llpon ag:w.g a~ 300 and 350°!i' :n.n air. The tensile strength is 

essentl.al.iy unchanged. after 336 hI'S, at JOO(; F in air and 

decreases to it51 PSl. after 336 hrs e at 350°F~n al.r. The 

elongahon (@ break) also decreases upon aging at 300 and 3500 F 

in air, Although the 50% and 100% moduli of the dumbbell 

spec2mens are originally much higher than those of the cut-ring 

spec~menB, upon aging at 3500 F the values for cut-ring and 

dumbbell spec~rnens gradually approach each other., This 

effect results :In a much better % retentl.on of stress-strain 

propertl.!:!s for cut=ring speclIrJens relatl.ve to dumbbell 

specimens,. Tt.e greater % loss of stress=stral.n properties may 

result from a combination of thermal degradation and loss of 

m:i.11 gral.n contribution. (vI":umtation effect L Therefore, it is 

concluded that pnosphom.trilic fluoroelastomer O-ring compounds 

have better heat res:1stance at 300-350c F than was previously 
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CubRing Stress-S%rain Properties ___m_ 

and lower tension set %ban specimens cut aga;anst grain, The 

moduPi of the cut-rsng syximens aire li~uer than t.hese of the 

against-grain dunbbelP 5peGz~men. 

TenslIe bst~~-~gth and eu3ngat.ion at tweak fail in between the 

values for dumbbeila cut 36nt.k and against grpain, Therefore, 

orxentation or ecgrax3 eff'acL" observed for phsspkonitriPic 

fluoroelastomar O-ri rrg csmpouf.xds x3 a deseet result of the 

incorporation of .ekXIea D?ififOTCing agentsu 

the 

4. 

l.udicated by retent1ol!ll of wi th=grain dllmbbell stress=strain 

meaSUH:\ment::1, It new appeal'S that O~!'l ng seals c,cm.structed 

from 'Chii': ;GOrr,pCl1.U'ld 'Would remain serviceable after 336 hrso 

Compoundl.n~.§tudlea to ImErov~ Cut=Ring Stress=Strain Properties 
(Table XII) 

Stress-stl"a.1.t'J measurements were conducted on cut-ring and dumbbell 

specim'en~ hn. th and aga.inst grain) on compounds containing 

varYl.ng levels of ,silica and peroxide (compounds R=193~235 thru 

-239) -. In compou:l1 ~-~35 tbe ~U5G WR·&82 was omi t t ed to determine 

if this reinfo:rc~ng agent had any eff't!ct on stress-strain 

measurements Wl ttl and agauu:;t mill grain. rrhis vulcanl.zed gum 

cut=ring ape<camen ext,), tn. 'La lower modulI. ~ approxJ.mately the same 

tensile strength and tugher elongatiol:'_ than tl:e dumbbell specl.mens. 

Compound =236 ld the same as -c.35 exeept for the addl.hon of 20 phr 

of Quae WR-82" Stre68~5tral.n properties of dumbbells cut wi th ~rain 

now have higher moduli) higher tensl.lce strength" lower elongation 

and lower tension set than specimens cut agd.1l1st grain" The 

moduli of the cut~rlng [Specimen", are lower than t.hose of the 

against-graHt dtL'l1bbell &pe{amen~ 

Tensl.le strength and. elongation at break fall in between the 

values for dumbbells cut '<1\11 th and against graino Therefore, the 

orientation or "graut effect:' observed for phosphonitrilic 

fluoroelastomer O-r:..ng tC:'ompounds 16 a d:u.rect result of the 

incorporation of 6111Ga reit,forcing agentEL 



The addition of 25 and W phi of Quso m-82, compounds -223 and 

-238, respectively, result6 in an increase in the 50% and 100% 

moduli, The tensile strength appears to reach a maximum at 

c 25 phr while the elongation (@ break) remain6 essentially 

invariant, The 19grain effect'! is also apparent in these compounds, 

The stress-strain properties of the cut-ring specimen appears to 

correlate better with those of the against-grain dumbbell 

specimen, 

Compound -239 was identical to -238 except for the addition of 

more peroxide (1 phr) to achieve a higher cure state. There 

appears to be less6 difference6 between stress-strain properties 

on dumbbell specimens cut with and against grain on this highly 

cured sample, 

much lower 50% 

elongation6 (8 

same, 

However, the cut-ring 6pecimen still exhibit6 a 

modulus relative to the dumbbell specimens, The 

break) of all three specimen6 are essentially the 

Shore A Hardness for compound6 -235 and -236 are too low for most 

O-ring applications. However9 the values for ==237* -238 and -239 

are considered suitable since they are in the 65 to 75 durometer 

range, On the basis of cut-ring stress-strain data, compound -238 

appears to be the best O-ring compound, 

5. Evaluation of Quso G-32 Silica Treated with a Silane Coupling 
Agent (Union Carbide A-174)(Table XIII> 

&us0 G-32 is a precipitated silica with the following properties: 
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The addition of 25 and 30 phr of Quso WR-82 9 compounds -223 and 

-238 9 respectively 9 results in an increase in the 50% and 100% 

moduli 0 The tensile strength appears to reach a maximum at 

~. 25 phr while the elongation (@ break) remains essentially 

invariant.. The "grain effect" is also apparent in these compounds .. 

The stress-strain properties of the cut=ring specimen appears to 

correlate better with those of the against-grain dumbbell 

specimeno 

Compound -239 was identical to -238 except for the addition of 

more peroxide (1 phr) to achieve a higher cure state. There 

appears to be less differences between stress-strain properties 

on dumbbell specimens cut with and against grain on this highly 

cured sample., However t the cut-ring specimen still exhi bi ts a 

much lower 50% modulus relative to the dumbbell specimensa The 

elongations (@ break) of all three specimens are essentially the 

same .. 

Shore A Hardness for compounds -235 and -236 are too low for most 

O-ring applications~ However 9 the values for -237, -238 and -239 

are considered suitable since they are in the 65 to 75 durometer 

range 0 On the basis of cut-ring stress=strain data, compound -238 

appears to be the best O-ring compoundQ 

5. of uso 0-32 Silica Treated with 
Carbide A-l7 Table XIII 

QUso G-32 is a precipitated silica with the following properties: 

-45-



(1,) Ultimate Particle Size (millimicron~ - 13 

(2,) Surface Area (so,. m,/g,) - 300 

(36) pH 8,5 

This silica was treated with Union Carbide Silane A-174, 

gamma-me%hacryloxypropyl%rimethoxysilane in methanol, This 

silane coated silica was compared to %he un%rea%ed silica by 

compounding into standard formulations -- R-193,255 (control), 

R-193,256 and R-193,257. Silane treatmen% of this silica 

appears to improve the % tension set of the reinforced vulcanizate, 

However, no improvement 

tear strength, abrasion 

temperature properties, 

occurred in 

resistance, 

stress-strain, compression se%, 

heat resistance and low 

6. Compounding Studies to Improve Stress-Strain Properties of 
Cut-Ring Specimens (Table XIV) 

Phosphonitrilic fluoroelastomer O-ring stocks were compounded 

with Quso ~~-82, FEF black and Cab-0-lite P-4 and a relatively 

high level of peroxide to generate a high cure state, Cab-0-lite 

P-4 is a relatively low surface area (2,2 m2/g) calcium metasilicate 

with a highly basic surface (pH ?.9jo This semi-reinforcing 

filler ~3s added to increase the hardness of both Quso WR and FEF 

black reinforced O-ring compounds; 

a. Mill Processing 

ice.* low green 

rolls, 

-- All compounds exhibited poor mill processing, 

strength, stick to rolls and splitting to both 
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6. 

(l¢) Ultimate Particle Size (millimicron) 13 

(2e) Surface Area (aq~, m,/go) 

O~) pH 

- 300 

8.5 

This silica was treated with Union Carbide Silane A-l7~t 

gamma-methacryloxypropyltrimethoxysilane in methanolc This 

silane coated silica was compared to the untreated silica by 

compounding into standard formulations ~- R-l93,255 (control), 

R-l93t256 and R-193~257. Silane treatment of this silica 

appears to improve the % tension set of the reinforced vulcanizate. 

However, no improvement occurred in stress-strain, compression set, 

tear strength, abrasion resistance, heat resistance and low 

temperature properties~ 

Stress-Strain Pro erties of 

Phosphonitrilic fluoroelastomer O~ring stocks were compounded 

with Quso WR-82 , FEF black and Cab-O-lite p-4 and a relatively 

high level of peroxide to generate a high cure state~ Cab-O-lite 

P-~ is a relatively low surface area (2c2 m2/g) calcium metasilicate 

wi th a highly basic surface (pH '), 9)" This semi-reinforcing 

filler W3.S added to increase the hardness of both Quso WR and FEF 

black relnforced O~ring compounds, 

a. Mill Processing ~- All compounds exhibited poor mill processing, 

iae~. low green strength9 stick to rolls and splitting to both 

rolls o 
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be Monsanto Rheometer Cure -- All compounds were relatively 

scorchy Q 33T°Fn The optimum cure times 6 373OF ranged from 

2,7 to 9n5 minutes and are considered acceptable factory 

cure cycles, Cab-O-lite P-4 acts as an accelerator in the 

Quso WR-82 reinforced compound (R-193,262) but not in the 

FEF black reinforced oompound, The FEF black reinforced 

compounds exhibit higher cure rates 0 370°F than do the 

Quso WR-82 reinforced stocks, Compound -264, containing 

30 phr of Cab-0-lite P-4, exhibits an extremely high cure 

rate B 370°F, 

cI Stress-Strain Properties -- Roth the Quso ~~-82 and FEF 

black reinforced compounds have good moduli, tensile strengths 

and elongations. The addition of Cab-0-lite P-4 (30 phr) to 

both Quso ~~-82 and FEF black reinforced compounds results in 

a very slight improvement in Pow strain modulus (50%) but a 

modest loss im high strain modulus (100%:) and tensile 

strength, 

d. Shore A Hardness -- All compounds except -264 (50 phr 

Cab-0-lite P-4) have hardness values acceptable for O-ring 

applications, The addition of Cab-0-lite P-4 (30 phr) results 

in a modest increase (+8-10 points) in hardness of both silica 

and black reinforced compounds, 

e, Compression Set -- The silica reinforced compounds (-259, -260) 

have excellent compression set resistance after 70 hrs. @ 275 

and 300°F, After 138 hrs, 6 350°F the compression set (%I is 

still only 48--a very respectable value under these severe 
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bo Monsanto Rheometer Cure -- All compounds were relatively 

scorchy @ 335°Fo The optimum cure times @ 37)OF ranged from 

207 to 905 minutes and are considered acceptable factory 

cure cycleso Cab-O-lite p-4 acts as an accelerator in the 

Quso WR-82 reinforced compound (R-193,262) but not in the 

FEF black reinforced compoundo The FEF black reinforced 

compounds exhibit higher cure rates @ 3700 F than do the 

Quso WR-82 reinforced stocks¢ Compound =264, containing 

50 phr of Cab-O~lite P-49 exhibits an extremely high cure 

rate @ 370oF~ 

c. Stress-Strain Properties -- Both the Quso WR-82 and FEF 

black reinforced compounds have good moduli, tensile strengths 

and elongations. The addition of Cab-O-lite p-4 (30 phr) to 

both Quso WR-82 and FEF black reinforced compounds results in 

a very slight improvement in low strain modulus (50%) but a 

modest loss in high strain modulus (100%) and tensile 

strengtho 

d. Shore A Hardness -- All compounds except -264 (50 phr 

Cab-O~lite p-4) have hardness values acceptable for O-ring 

applications~ The addition of Cab-O-lite p-4 (30 phr) results 

in a modest increase (+8-10 points) in hardness of both silica 

and black reinforced compounds~ 

e. Compression Set -- The silica reinforced compounds (-259, -260) 

have excellent compression set resistance after 70 hrs o @ 275 

and 3OO°Fe After 138 hrso @ 350°F the compression set (%) is 

still only 48--a very respectable value under these severe 



csnditions, I*yae ~ompres~isn set rsafstance of the black 

reinfor eompaund (-261) ia alightily Bower than the siPfca 

reinf~r,~ed cempa~nsf~ @ 27y-flO”F and much lowe?.- @350°F, The 

addition of @ab4-‘Bite P=4 (9 phrl to ei.ther silica or 

black reinforced wqwunds resuPts in a modest decrease in 

aomlpressr! C3n :aet reaJ_atance * Compound -26”11, containing 

Ca’yJ-&‘ll.a$e P-4 (:$3 phr ) haa the best ~orrqression set 

PPesjlstankCc at LPy-:Bw~F b:ut is noL 86 qXQ3 as t,ke silica 

Teinf”(=rc ,* & c~gq~unds @ 35dii”F_ Pa gene8-al2 9-M? esmpresaian 

set properties al aI,% of them eompswlf;ds are considered 

adequate ‘or Cl-ring applleatisas, 

f.9 Tear St%en~th (‘73°F); a- The REF Hack Pelnfareed compound 

(-26%) exhibits exce1.1ent tear resistance (ii?&3 ppi), The 

@so ~~-82 eompsunds C-259 and -260) a~ss have good tear 

s,treng%h, 16L and 204 ppi, respectively, There is a modest 

increase in tear strength (~43 -p-pi> in progressing from 25 

to 30 p?w of Quso WR-82, The additaon of Cab-O-Bite P-b 

(s p%wj reaulte in mode& decreasee in tear resistance, 

CJompound -264, eentainfng Cab-O-lfte P-la (50 phr) has 

re%at~vel_y low tear atsength 687 ppi>- ALP compounds except 

-264 have tear; resistance acceptable Bolp O-ring applications, 

& N5S Abrasion Reeist,ance _ = The FEF black reinforced compound 

(-26B) exhabjita the best abrasion resistance (57% of the 

control), The abrasive indices for the remaining stocks are 

qunte pssr 12$?-;53% of the control >. The absasnsn resistance 

conditions~ ~e compression set resistance of the black 

reinforc;~d compound (=261) is slightly lower than the silica 

reinf"oirlced: <compu1unds @ 2?5~.500oF and much lower @350oF.. The 

addi hon of Ca'b=Q,~li te p~4 00 ph!") to either silica or 

black reinforced compemnds results in a modest decrease in 

cOmpf"i:Hisj (i:u::,et re>sistance> Compound =264 1 :t;ontaining 

Cab~O,~lt te P_!.f (:>0 phd ha's the best compression set 

resist.an,(;f.' at 275-5(j()OF but is not as gMd a5 the silica 

!!eilllrCn: .. ~.d'.'~ompcundi3 @ Y:lO:)F~ In general, the compres6ion 

set p:copert:J.es of' all of these compounds are considered 

adequate for O-ring applications" 

f.. Tear Streng'th C73°F) .. ~- The FEF black reinforced compound 

(-261) exhibits excellent tear resistance (243 ppi)o The 

Quso WR=82 compounds (-259 and ~26o) also have good tear 

strength, 161 and 204 ppi\l respectively" There is a modest 

increase in tear strength (+43 ppi) 1n progressing from 25 

to 30 phr of Quso WR=82o The addi hon of Cab-O=li te p-4 

C~ phd results in modest decreases in tear resistance" 

Compound =264~ containing Cab-O=Ute P-i+ (50 phr) has 

relat1vely low tear strength (87 ppi)~ All compounds except 

-264 have tear resistance acceptable for O-ring applications" 

g8 NBS Abrasion Resistance -- The l"EF biack reinforced compound 

(-261) exhl.bl.ts the best abrasion resistance (57% of the 

control). The abraSl.Ve indices for the remaining stocks are 

quHe poor (26=53% of the control). The abrasion resistance 



of -261 is considered adequate for dynamic O-ring applications 

but those of the remaining compounds would be considered 

marginal, 

h. Aged Stress-Strain Properties -- The Quso ~~-82 reinforced 

compounds c-239 and -260) have excellent retention of stress- 

strain properties after ID00 hrs, 4 2'75OF and 300°F in air 

and after 240 hrs. 8 350°F in air, These compounds are 

highly degraded after 240 hrs, @ 400°F in air, After 1000 hrs. 

@ 273OF in hydraulic fluid (~il-~-3606-C) these compounds 

still exhibit excellent stress-strain properties, The FEF 

black reinforced compound (-261) exhibits good retention of 

stress-strain properties after 1000 hrs, 0 273OF and 300°F 

in air and fair retention after 240 hrs, Q 350°F (air), 

This compound was also highly degraded after 240 hrs, @ 400°F 

in air, Compound -261 has relatively poop retention of 

stress-strain properties after 1000 hrs, 8 275OF in hydraulic 

fluid (MiLH-5606-C), The addition of Cab-0-lite P-4 (30 phr) 

to both silica and black reinforced compounds results in 

essentially no change in heat-resistance, Compound -264, 

containing Cab-0-lite P-4 (30 phr) also exhibits excellent 

heat resistance, From the preceding data it appears that 

Quso m-82 and Cab-0-lite P-4 reinforced compounds have the 

following approximate service liv -: : 

loo0 hrs, @ 2'73* 300°F in air 

1000 hrs, 0 273OF in hydraulic fluid (Ml-H-3606-C) 

240 hrs, Q 400°F in air 
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of -261 is considered adequate for dynamic O-ring applications 

but those of the remaining compounds would be considered 

marginaL 

h. Aged Stress~Strain Properties -- The Quso WR-82 reinforced 

compounds (~259 and -260) have excellent retention of stress

strain properties after 1000 hrs~ @ 275°F and 3000 F in air 

and after 240 hrs. @ 3500 F in airo These compounds are 

highly degraded after 240 hrso @ 4000 F in airo After 1000 hrs. 

@ 275°F in hydraulic fluid (Mil-H-5606-C) these compounds 

still exhibit excellent stress-strain properties. The FEF 

black reinforced compound (-261) exhibits good retention of 

stress-strain properties after 1000 brs. @ 275°F and 3000 F 

in air and fair retention after 2~ hrse @ 350°F (air). 

This compound was also highly degraded after 240 hrs. @ 4000 F 

in air. Compound -261 has relatively poor retention of 

stress-strain properties after 1000 hrse @ 275°F in hydraulic 

fluid (Mil-H-5606-c). The addition of Cab-O-lite p-4 (30 phr) 

to both silica and black reinforced compounds results in 

essentially no change in heat-resistance. Compound -264, 

containing Cab-O-lite p-4 (50 phr) also exhibits excellent 

heat resistance~ From the preceding data it appears that 

Quso WR-82 and Cab-O-lite p-4 reinforced compounds have the 

following approximate service bv .. 

1000 hrso @ 275, 3OO°F in air 

1000 hrse @ 275°F in hydraulic fluid (Mil-H-5606-c) 

240 hrse @ 4000 F in air 



10 ~~prgerties -- Plots of Gehman twist 

angle and apparew% modulus of rigidity (G) versus 

temperature are ow file with the original data at 

AMMRC, The apparent modu$us of rigidity values 43 

-TOOF indicate that these compounds should be 

serviceable a% this temperature, The Youngks Bending 

Modulus values aPeo indicate good flexibility 0 -TOOF, 

Selected organic peroxides were evaluated in a standard 

O-ring formuPa%ion -- Polymer - 300, Quso wR-82 - 30, 

Stan Mag ELC- 6, (8-HQ),Zn - 2, A detailed description of 

the peroxides used in this study are eummarized in the 

glossary, AU peroxide8 were evaBua%ed a% the same RO- 

generating level so that relative vulcanizing efficiencies 

could be correlated, 

The use of Dicup R (0~8 phr) in compound R-193,265 resulted in 

appn-Jx$P&%( 3, *the si~rati cure characteristics, cure state, stress- 

strain9 Thardneas, % compressnon se% and hea% reeistance a61 

a:&&?~? ,&h Dfr:?:p kOC (2,O phr) in -2&, EvIdentby the 

presence of I_,2 phr of calcium carbonnate in Dicup 40C has no 

effect on cure, overaLl. mechanical properties and heat 

resistance, Stan Mag ELC (6 phr) (magnesium oxide) wa6 

omitted in compound -26% Whew compmed to the control C-266) 

it is obvious tha% Stan Mag ELC has no effect on cure rate 

but does result in a slightly higher cure state, This 

10 Low Temperature Properties Plots of Gehman twist 

angle and apparent modulus of rigidity (G) versus 

temperature are on file with the original data at 

AMMRCo The apparent modulus of rigidity values @ 

=700 F indicate that these compounds should be 

serviceable at this temperatureo The Young~ Bending 

Modulus values also indicate good flexibility @ =70o Fo 

7Q Evaluation of Selected 
Fluoroelastomer O=Ring 

for Phos honitrilic 
and XVI 

Selected organic peroxides were evaluated in a standard 

O-ring formulation -- Polymer = lOO~ Quso WR=82 - 30, 

Stan Mag ELC= 6 9 (8-HQ)2Zn - 20 A detailed description of 

the peroxides used in this study are summarized in the 

glossary~ All peroxides were evaluated at the same ROo 

generating level so that relative vulcanizing efficiencies 

could be correlated~ 

The use of Di~up R (0~8 phr) in compound R=193.265 resulted in 

approxi;l'.at(i;)' the SBJl1a cure characteristic5~ cure state~ stress-

strain~ hardness~ % compression set and heat resistance as 

obtr<~dwith DiC:l~p 40C (200 phr) in =2660 EVl.dently the 

presence of lc2 phr of calcium carbonate in Dicup 40c has no 

effect on curet overall mechanical properties and heat 

resistancs o Stan Mag ELC (6 phr) (magnesium oxide) was 

omitted in compound -2670 When compared to the control (-266) 

it is obvious that Stan Mag ELC has no effect on cure rate 

but does result in a slightly higher cure statec This 
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magnesium oxide appears to have no effect on heat resistance 

at 300 and 350°F, The hardness is slightly lower for the 

compound without the magnesium oxide and the compression set 

is slightly lower. The only function of magnesium oxide 

appears to be that of a mild crosslinking agent, It is 

possible that the use of a slightly higher level of peroxide 

would accomplish the same effect. 

Cadox RS (benzoyl peroxide) was added at a level of 1,44 phr 

in compound -268. This peroxide did not provide a good cure 

state at 2,50°F', Cndox TS-50, 2,4-dichlorobenzrql peroxide, was 

tested at a level of 1.84 phr in compound -269, This peroxide 

also proved to be an extremely poor curing agent. 

Vulcup R, d,d'-bis(t-butylperoxyjdiisopropylbenzene, was 

evaluated at a level of 0.5 phr in compound R-193,270. This 

peroxide provides a much slower cure than Dicup R at 340°F, 

optimum cure of 22 versus 10 minutes. However, Vulcup R 

appears to be considerably more efficient than Dicup 4OC on 

the basis of rheometer cure and stress-strain data, This 

peroxide also provides higher hardness, lower compression set 

and comparable heat resistance at 300 and 350°FB Another 

advantage of Vulcup R is that no odor is imparted to the cured 

specimens as is the case in Dicup R cured samples (acetophenone 

odor). Therefore, it is not necessary to post cure specimens 

cured with Vulcup R to eliminate offensive odors. It is highly 
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magnesium oxide appears to ha'l,'e no effect on heat resistance 

at 300 and 350°F9 The hardness is slightly lower for the 

compound without the magnesium oxide and the compression set 

is slightly lower. The only function of magnesium oxide 

appears to be that of a mild crosslinking agent. It is 

possible that the use of a slightly higher level of peroxide 

would accomplish the same effect. 

Cadox BS (benzoyl peroxide) was added at a level of 1.44 phr 

in compound -268. This peroxide did not provide a good cure 

state at 2.50o F'. Cadox TS-50. 2,4-dichloroben:zoy1 peroxide, was 

tested at a level of 1.84 phr in compound -269. This peroxide 

also proved to be an extremely poor curing agent. 

Vu1cup R. .::::1. 0(' -bis( t-buty1peroxy )diisopropylbenzene, was 

evaluated at a level of 0.5 phr in compound R-193,270. This 

peroxide provides a much slowe~ cure than Dicup R at 340°F, 

optimum cure of 22 versus 10 minutes. However, Vulcup R 

appears to be considerably more efficient than Dicup 40c on 

the basis of rheometer cure and stress-strain data. This 

peroxide also provides higher hardness, lower compression set 

and comparable heat resistance at 300 and 350°F. Another 

advantage of Vulcup R is that no odor is imparted to the cured 

specimens as is the case in Dicup R cured samples (acetophenone 

odor). Therefore, it is not necessary to post cure specimens 

cured with Vu1cup R to eliminate offensive odors. It is highly 
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recommended %ha% Dicup R or k3C ehould be replaced by 

Vulcup R, 

Varox, 2,J5-bis(%ert-bu~kyP peroxyj-2,5i_dimethyPhexane, (!50% 

active) was evaluated at a level. of 0,86 phr in compound 

R-l93,27L This peroxide exhibits a much slower cure rate 

at 340°F than Dieup R, optimum cure of 39-5 versus 10.0 

minutes, This peroxide is Peas efficient than Dicup R as 

evidenzed by Phesmetef, stress-etraxn an hardness properties, 

The compress~oa se% realetance appears to be slightly better 

consfdering the modestly Bower cure sta%e, The heat 

resistance at XW and 3"jo°F tlppears to be comparable to the 

Dicup R cured compound, 

Percadox 29P@, Lupereo EIJo XL, Luperco 2'gO XL and di-t-butyl 

peroxide were evaluated PRI compounds R-193,272, -273, -274 and 

-275, reapee%ively, These peroxides were less efficient than 

Dicup R, VuPe~p R or Varox and generally resulted in poorer 

mechanical properties and hea% resistance, In summary, 

Vulcup R as the recommended curing agent for phosphonitrilic 

fluoraePastomer O-ring compounds, Dicup R, Dicup 4Oe and Varox 

are also considered acceptable curing agen%s, 

8. b Stress-Strain Measurements -- 

Previous studies have shown that a subs%an%ial difference 

exists between cut-ring and dumbbell_ stress-strain data 

-5s 

recommend.ed that Dicup R or 40C should be replaced by 

Vulcup R" 

Varox~ 2,5=bis(tert~butyl peroxy)-2,.5acdimethylhexane 9 (50% 

active) was evaluated at a level of 0086 phr in compound 

R-1939271~ This peroxide exhibits a much slower cure rate 

at 3400 F than Dicup R9 optimum cure of 39~5 versus 1000 

minuteso This peroxide is less efficient than Dicup R as 

evidenced by rheometer, 5tresso~6tra)ln and hardness properties. 

The compression set reslstance appears ~o be slightly better 

considering the modestly lower cure stateo The heat 

resistance at 300 and 350°F appears to be comparable to the 

Dicup R cured compoundo 

Percadox 29140 q Luperco 130 XL~ Luperco 230 XL and di-t-butyl 

peroxide were evaluated l.n compoUl'lds R-193~272~ -2739 -274 and 

-275~ respectivelyo These p~roxides were less efficient than 

Dicup R9 Vulcup R or Varox and generally resulted in poorer 

mechanical properties and heat re5i6tance~ In summary, 

Vulcup R is the recommended curing agent for phosphonitrilic 

fluoroelastomer O=ring compounds, Dicup R, Dicup 40c and Varox 

are also considered acceptable curing agentso 

8. Dumbbell Versus Cut=Ring Stress=Strain Measurements 
Correlations Between Testin at Firestone and Horizons 
Research 1 Inc o Tables XVII and XVII-A 

Previous studies have shown that a substantial difference 

exists between cut-ring and dumbbell stress-strain data 



obtained om phosphonitrilic fluoroelastome~ stocks tested at 

Firestome, The cut-ring specimens exhibit Power moduli at 

.50 and 100% strain9 bigher elongation at break and slightly 

lower tensile strength relative to dumbbell specimens, 

Furthermore, cut-ring stress-strain measurements conducted at 

Firestone did not show good agreement with tests made by Horizons 

Research on the same stock, iceog Firestone tests showed lower 

50 and 100% moduli, higher elongations at break and essentially 

the same tensile strength, 

In an effort to uncover the factors causing these anomalies a 

11round-robin9v testing program was conducted between Firestone and 

Horizons Research, The phosphonitrilic fluoroelastomer O-ring 

stock (R-193,276) selected for this study is described in 

Table XVII, Four 6” x 69~ x 0,0?599 slabs were cured at the same 

time in a press for 60 minutes at 320°F followed by a post cure 

of 4 hours at 3wOF in a forced-air oven, A complete description 

of the method of testing and stress-strain results is given 

in Table XVII-A, All of the specimens were cut and tested on the 

same day to eliminate any effects due to sample aging. The 

conclusions from these tests are as follows: 

a, The drfferences between cut-ring and dumbbell stress-strain 

data were traced to a malfunction in the computer read-out 

of the Instroh, This malfunction occurs only for stress-strain 

curves with extremely steep slopes which are characterisitc of 
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obtained on phosphonitrilic fluoroelastomer stocks tested at 

Firestoneo The cut-ring specimens exhibit lower moduli at 

50 and 100% strain9 higher elongation at break and slightly 

lower tensile strength relative to dumbbell specimenso 

Furthermore 9 cut-ring stress-strain measurements conducted at 

Firestone did not show good agreement with tests made by Horizons 

Research on the same stocko i~eo~ Firestone tests showed lower 

50 and 100% moduli~ higher elongations at break and essentially 

the same tensile strength$ 

In an effort to uncover the factors causing these anomalies a 

"round-robin" testing program was conducted between Firestone and 

Horizons Researcho The phosphonitrilic fluoroelastomer O-ring 

stock (R-l93,276) selected for this study is described in 

Table XVII. Four 6" x 6" x 00075" slabs were cured at the same 

time in a press for 60 minutes at 3200 F followed by a post cure 

of 4 hours at 350°F in a forced~air oveno A complete description 

of the method of testing and stress-strain results is given 

in Table XVII=Ao All of the specimens were cut and tested on the 

same day to eliminate any effects due to sample aging. The 

conclusions from these tests are as follows: 

a~ The dlfferences between cut-ring and dumbbell stress-strain 

data were traced to a malfunction in the computer read-out 

of the InstroDo This malfunction occurs only for stress-strain 

curves with extremely steep slopes which are characterisitc of 
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highly cured phosphonitrilic fluoroelastomer O-ring stocks 

which have high low strain moduli and low elongations 

(LEO%). A correction has been made in the computer 

read-out circuit and it now appears that this problem ha6 

been solved, Ring tensile data from a computer print-out 

are being compared to data calculated from the In&ran chart 

for a large number of samples, 

b. If calculations are made from the Instron charts* cut-ring 

stress-strain compares fairly well with dumbbell data and 

also to cut-ring stress-strain measured at Horizons Research. 

However, there appears to be a substantial difference 

between cut-ring and dumbbell data for slab No, 2, These 

differences may result from a small contribution from mill 

grain or uneven dispersion, 

c. The dispersion of this phosphonitrilic fluoroelastomer 

O-ring stock appears to be quite good in the same slab and 

also between slabs, iOeep standard deviations are quite 

SEldlO However, there appears to be some differences in 

cure state between the 4 slabs9 ioeo9 slabs 2 and 3 exhibit 

higher moduli than 1 and 4, 

d. With regard to precision, the following conclusions are based 

on standard deviations: 

1, Ring Cutting -- Firestone is slightly better, 

2, Ring Testing -- Firestone is slightly better, 
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highly cured phosphonitrilic fluoroelastomer O-ring stocks 

which have high low strain moduli and low elongations 

( t.. 150%) 0 A correction has been made in the computer 

read-out circuit and it now appears that this problem has 

been solved~ Ring tensile data from a computer print-out 

are being compared to data calculated from the Instron chart 

for a large number of sampleso 

bo If calculations are made from the Instron charts, cut-ring 

stress-strain compares fairly well with dumbbell data and 

also to cut-ring stress-strain measured at Horizons Research. 

However i there appears to be a substantial difference 

between cut-ring and dumbbell data for slab Noo 20 These 

differences may result from a small contribution from mill 

grain or uneven dispersiono 

c. The dispersion of this phosphonitrilic fluoroelastomer 

O-ring stock appears to be quite good in the same slab and 

also between slabs 9 ~9 standard deviations are quite 

small a However, there appears to be some differences in 

cure state between the 4 slabs, iQeo 9 slabs 2 and 3 exhibit 

higher moduli than land 40 

d. With regard to precision, the following conclusions are based 

on standard deviations~ 

le Ring Cutting 

20 Ring Testing 

Firestone is slightly bettero 

Firestone is slightly better~ 
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However g the average values of stress-strain data 

between Firestone amd Horizons compare very well, 

In summary9 most of the disagreements between ring and 

dumbbell tensile Rave been eliminated by either calculating 

the data from Instron charts or by modifying the computer 

read-out circuit, The agreement between Horizons and 

Firestone cut-ring stress-strain data is now considered 

excellent, All future stress-strain measurements on 

phosphonitrilic fluoroelastomer compounds will be made on 

cut-ring specimens, 

IV. EXPERIMENTAL 

A. Mixing and Processing - ASTM D-15 

All phosphonitrilic fluoroelastomers were first masterbatched in 

a Brabender mixer (Plasticorder PLV-150), The silica or carbon 

black was added to the polymer in the Brabender and mixed for 

five minutes, The magnesium oxide (Stan Mag ELC> was then added 

and the mixing was continued for another five minutes, The 

masterbatch was dumped and added to a small rubber mill (3” x 6”). 

The stabilizer and peroxide curing agen%s were then added to the 

masterbatch and mixed for ten minutes, The maximum temperature 

of the batch was maintained below 160oF, The finished compounds 

were then sheeted out to the desired thickness on a 10sp x 20" 

mill, The %emperature of the rolls should be maintained a% 

130 ,+ 10°F for best processing, In general, phosphonitrilic 

fluoroelastomer O-ring compounds exhibit relatively poor processing 

-5% 

However~ the average values of stress=strain data 

between Firestone and Horizons compare very wellG 

In summary9 most of the disagreements between ring and 

dumbbell tensile have been eliminated by either calculating 

the data from Instron charts or by modifying the computer 

read=out circuito The agreement between Horizons and 

Firestone cut=ring stress=strain data is now considered 

excellent 8 All future stress=strain measurements on 

phosphonitrilic fluoroelastomer compounds will be made on 

cut=ring specimens~ 

IV. EXPERIMENTAL 

A. Mixing and Processing - ASTM 0.15 

All phosphonitrilic fluoroelastomers were first masterbatched in 

a Brabender miXer (Plasticorder PLV=l50)o The silica or carbon 

black was added to the polymer in the Brabender and mixed for 

five minutes v The magnesium oxide (Stan Mag ELC) was then added 

and the mixing was continued for another five minuteso The 

masterbatch was dumped and added to a small rubber mill <3" x 6"). 

The stabilizer and peroxide curing agents were then added to the 

masterbatch and mixed for ten minutesG The maximum temperature 

of the batch was maintained below l60o Fo The finished compounds 

were then sheeted out to the desired thickness on a 10" x 20" 

millo The temperature of the rolls should be maintained at 

130 ± 10°F for best processingo In genera1 9 phosphonitrilic 

fluoroelastomer O=ring compounds exhibit relatively poor processing 
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on a rubber mill, ieeea stick to mill rolls and have low green 

strength, 

B. Physical Testing in general was conducted according to ASTM 

specifications unless specified otherwise. 

1, 

2. 

30 

4. 

T* 

6, 

Williams Plasticity -- ASTM ~-926, 

Mooney Viscosity -- ASTM D-1417 -- Scott STI/200 Mooney 

viscometer, 

Specific Gravity was measured on small cylinders of polymer, 

Cure Properties -- ASTM D-2084 -- Monsanto Rheometer, Model 

100 =- Mini Die, 100 ppm, lo arc, 

Stress-Strain -- An Instron 1130 was used for all measurements. 

a, 

b. 

c* 

d, 

e. 

Dumbbell -- ASTM D-412, 

Cut-Rins -- ASTM D-412. 

O-Ring -- ASTM D-1414. 

Aged in Air -- ASTM D-5733 -- Specimens were contained 

for the specified times in forced-air ovens maintained at 

275, 300, 350 or 4OOOF. 

Aged in Fluids -- ASTM ~-1460 -- An aluminum block-test 

tube aging apparatus, Scott Model L,G,, was employed for 

these measurements, 

Shore A Hardness -- ASTM D-2240 -- Measurements were made on 

molded cylinders (0,25CYf x 0.530" diameter), 

a, Aged in Air -- ASTM D-573 -- forced-air ovens0 

b, Aged in Fluids -- ASTM D-1460 -- An aluminum block-test 

tube aging apparatus, Scott Model L.G,, was used for these 

measurements, 
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on a rubber mill, ~~ stick to mill rolls and have low green 

strength~ 

B. Physical Testing in general was conducted according to ASTM 

specifications unless specified otherwiseo 

1. Williams Plasticity -- ASTM D-926e 

2. Mooney Viscosity ASTM D-1417 -- Scott STI/200 Mooney 

viscometer .. 

3~ Specific Gravity was measured on small cylinders of polymer, 

4. Cure Properties -- ASTM D-2084 -- Monsanto Rheometer, Model 

100 -- Mini Die , 100 rpm, 1° arc. 

5. Stress-Strain -- An Instron 1130 was used for all measurementso 

a. Dumbbell -- ASTM n-412e 

b. Cut-Ring -- ASTM D-412~ 

c. O-Ring -- ASTM D-1414. 

do Aged in Air -- ASTM D-5733 -- Specimens were contained 

for the specified times in forced-air ovens maintained at 

275, 300, 350 or 400o F. 

e~ Aged in Fluids -- ASTM D-1460 -- An aluminum block-test 

tube aging apparatus, Scott Model LoGo, was employed for 

these measurements~ 

60 Shore A Hardness -- ASTM D-2240 -- Measurements were made on 

molded cylinders (0.,250" x OQ530" diameter)o 

a, Aged in Air -- ASTM D-573 -- forced-air ovens e 

b. Aged in Fluids -- ASTM D-1460 -- An aluminum block-test 

tube aging apparatus, Scott Model L.Go i was used for these 

measurements .. 
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7. 

8. 

9. 

10, 

11. 

12, 

13, 

14, 

Compression Set -_ ASTM D-359, Method B, 25% Deflection -- 

A molded cylinder (0,500~' x P, lgo' diameter) was used in 

these tests, Measurements were also made on plied (0.500" x 

O,O75ts) disks in specific cases, 

Tear Strength -- ASTM D-624, Die B, specimens were cut-out of 

6~' x 6~sx~,~7~1f slabs, Specimens were nicked across the 

specimen at the center of the inner concave edge, 

Abrasion Resistance -- ASTM ~-1630 -- Tests were conducted on 

Young's Modulus blocks, 

vg Modulus -- ASTM E-7970 

Gehman Low Temperature Torsion -- ASTM D-1053 -- Specimens 

were cut-out of 6@, x 6" x 0,075'p slabs. A Wallace apparatus 

(Model L,15) was used for testing specimens immersed in 

isooctane, Dry Ice was added until the temperature decreased 

to -80°F, then the temperature was slowly increased to the 

desired test temperature by a small immersion heater,, 

Measurements in nitrogem (gas> were made on an instrument 

constructed by Firestone Synthetic Rubber and Latex Company. 

ExtPusisn -- ASTM D-2230 -- Measurements were made 

by use of a Brabender extruder, 

Fluid Resistance 

ASTM D-1460, 

0-Ring_Sp&mens 

-- % Weight Ch ange, % Volume Swell, % Extracted -- 

__ ASTM D-14149 
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7~ Compression S~ =~ ASTM Dk3599 Method B~ 25% Deflection 

A molded cylinder (00500" x l..1311 diameter) was used in 

these tests" Measurements were also made on plied (0.500" x 

0.,075") disks in specific cases" 

B. Tear Strength ASTM D-624, Die B9 specimens were cut-out of 

6" x 6" x 00075" slabs" Specimens were nicked across the 

specimen at the center of the inner concave edgeo 

9. Abrasion Resistance -- ASTM Db1630 -- Tests were conducted on 

Young's Modulus b1ockso 

10. Young's Bending Modulus -- ASTM D-797o 

11. Gehman Low Temperature Torsion ~- ASTM D-l053 -~ Specimens 

were cut-out of 6" x 6" X 0,,075" slabs. A Wallace apparatus 

(Model L,15) was used for testing specimens immersed in 

isooctane, Dry Ice was added until the temperature decreased 

to -BooF 1 then the temperature was slowly increased to the 

desired test temperature by a small immersion heater$ 

Measurements in nitrogen (gas) were made on an instrument 

constructed by Firestone Synthetic Rubber and Latex Company. 

120 Extrusion Properties ~= ASTM Db2230 -- Measurements were made 

by use of a Brabender extruderQ 

13. Fluid Resistance =~ % Weight Change, % Volume Swell~ % Extracted -

ASTM D=14600 

14. O-Ring Specimens =~ ASTM D-14140 
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150 Temperature Retraction Test -- ASTM D-1329 -- The samples are 

elongated at a given strain and frozen (-70°C), The temperature 

is then slowly increased (l'X/min,) and the percent retraction 

is measured. The temperxture at which the specimen retracts 

10% is designatedTR PO, Parker Seal has stated that a seal 

should function at lo-lSeF below the TR 10 value, 

-5%- 

150 Temperature Retraction Test -- ASTM D=1329 -~ The samples are 

elongated at a given strain and frozen (-70o C)o The temperature 

is then slowly increased (loC/mino) and the percent retraction 

is measured. The tempernture at which the specimen retracts 

10% is designatedTR lO~ Parker Seal has stated that a seal 

should function at 10-15cF below the TR 10 valuec 
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GLOSSARY 

Compound Ingredient 

AC Polyethylene 

Austin Black 

Cab-0-lite P-4 

Cab-0-Sil S-17 

Cadox BS 

Cadox TS-50 

Chem-Link g0 

Dicup 4OC 

Dicup R 

Di-t-Butyl Peroxide 

Epolene C-305-G 

FEF Black 

Graphite 

M;>g &rb L 

Mistron Vapor 

MT Black 

Chemical Name/Description 

Polyethylene 

Coal Fines 

Calcium Metasilicate 

Fumed Silica 

Benzoyl Peroxide (50% active) 

2,4-Diehlorobenzoyl Peroxide 

(50% active) 

Coagent/Trimethylol Propane 

Trimethacrylate 

Mcumyl Peroxide (40% active) 

Dicumyl Peroxide (96-100% 

active) 

Di-t-Butyl Peroxide 

Polyolefin Wax 

Fast Extrusion Furnace -- 

Carbon Black 

Superior 5033X 

Magnesium Carbonate 

Magnesium Silicate 

Medium Thermal -- Carbon 

Black 

Supplier 

Allied Chemical 

Slab Fork Coal Co. 

Inter-pace Corp. 

Cabot Corp, 

Noury Chem. Corp. 

Noury Chem, Coup, 

Ware Chem, Corp. 

Hercules 

Hercules 

Pennwalt Lucid01 

Chemicals 

Harwick Chem, Co, 

Several Suppliers 

Superior Graphite Co. 

C.P* Hall co, 

Cyprus Mines, United 

Serra Div. 

Several Supplier6 

Compound Ingredient 

AC Polyethylene 

Austin Black 

Cab-O-lite p-4 

Cab-O-Sil S-l? 

Cadox BS 

Cadox TS~50 

Chem-Link 30 

Dicup 40c 

Dicup R 

Di-t-Butyl Peroxide 

Epolene C-305-G 

FEF Black 

Graphite 

Milg Garb L 

Mistron Vapor 

MT Black 

GLOSSARY 

Chemical Name/Description 

Polyethylene 

Coal Fines 

Calcium Metasilicate 

Fumed Silica 

Benzoyl Peroxide (50% active) 

2t4~Dich1orobenzoyl Peroxide 

(50% active) 

Coagent/Trimethylol Propane 

Trimethacrylate 

Dicumyl Peroxide (40% active) 

Dicumyl Peroxide (96-100% 

active) 

Di-t-Butyl Peroxide 

Polyolefin Wax 

Fast Extrusion Furnace 

Carbon Black 

Superior 5033X 

Magnesium Carbonate 

Magnesium Silicate 

Medium Thermal -- Carbon 

Black 

~60 . 

Supplier 

Allied Chemical 

Slab Fork Coal Co. 

Interpace Corp. 

Cabot Corp. 

Noury Chem. Corp. 

Noury Cherne Corpo 

Ware Chern. Corp. 

Hercules 

Hercules 

Pennwal t Lucidol 

Chemicals 

Harwick Chemo Co. 

Several Suppliers 

Superior Graphite Co. 

C.P. Hall Co. 

Cyprus Mines, United 

Serra Div. 

Several Suppliers 



Compound Ingredient Chemical Name/Description 

NU~O~ 321-L Amino Silane Coated Clay 

Percadox 29/40 Peroxide 

q;u:jo '</H-&J Silane Coated, Precipitated 

Silica 

Quso G-32 Precipitated Silica 

Silastic 410 

Silastic 43Q 

SAF Black Super Abrasion Furnace -- 

Carbon Black 

Silanox 101 Silane Coated-Fumed Silica 

(Now "Tullanoxff) 

Poly(dimethyl)siloxane 

(Vinyl Cure Site) 

Poly(dimethyl)siloxane 

(Vinyl Cure Site) 

Stabilizer (Against Bis-(%Hydroxyquinolate) 

Heat] Zinc (II.1 

Stan Mag ELC High Activity Magnesium 

Oxide 

Teflon 6 Fibrous Teflon 

Tribase Hydrous Tribasic Lead 

Sulfate 

Union Carbide Silane Vinyltriethoxysilane 

A-151 

Union Carbide Silane Gamma-Methacryloxypropyl- 

A-174 trimethoxy Silane 

Supplier 

Huber 

Noury Chem, Carp, 

Philadelphia 

Quartz Co. 

Philadelphia 

Quartz Co, 

Several Suppliers 

Cabot Corp. 

(Tulco Inc.) 

Dow Corning 

Dow Corning 

Ashland Chem,, 

Fine Chemicals Dept, 

Harwick Chem, Co, 

DuPont 

National lead Co, 

Union Carbide Carp, 

Union Carbide Corp. 

Compound Ingredient 

Nulok 321-L 

Percadox 29/40 

Quso G-32 

SAF Black 

Silanox 101 

Silastic 410 

Silastic 430 

Stabilizer (Against 

Heat) 

Stan Mag ELC 

Teflon 6 

Tribase 

Union Carbide Silane 

A-15l 

Union Carbide Silane 

A-174 

Chemical Name/Description 

Amino Silane Coated Clay 

Peroxide 

Silane Coated~ Precipitated 

Silica 

Precipitated Silica 

Super Abrasion Furnace -

Carbon Black 

Silane Coated-Fumed Silica 

(Now "Tullanox") 

Poly(dimethyl)siloxane 

(Vinyl Cure Site) 

Poly(dimethyl)siloxane 

(Vinyl Cure Site) 

Bis-(8-Hydroxyquinolate) 

Zinc (II) 

High Activity Magnesium 

Oxide 

Fibrous Teflon 

Hydrous Tribasic Lead 

Sulfate 

Vinyltriethoxysilane 

Gamma-Methacryloxypropyl

trimethoxy Silane 

-t l~ 

Supplier 

Huber 

Noury Cheme Corp. 

Philade 1 phia 

Quartz Co. 

Philadelphia 

Quartz Co. 

Several Suppliers 

Cabot Corp. 

(Tulco Inc.) 

Dow Corning 

Dow Corning 

Ashland Chem .. 9 

Fine Chemicals Dept. 

Harwick Chern. Cos 

DuPont 

National Lead Co. 

Union Carbide Corp. 

Union Carbide Corp. 



Compound Ingredient 

Union Carbide Silane 

A-1100 

Varox 

Vulcup R 

Iuperco 130 XL 

Llperco 230 XL 

Chemical Name/Description 

Gamma-Aminopropyltri- 

methoxy Silane 

2,5 bis(t-butyl peroxy)-2,5- 

dimethylhexane (50% active) 

8( ede-bis(t-butyl peroxy)- 

diisopropylbenzene 

2,5-Dimethyl-2,5-bis(t-butyl- 

peroxy) Hexyne-3 (45% active) 

n-Butyl-4,4-bis(t-butyl- 

Supplier * 

Union Carbide Corp, 

R. T, Vanderbilt 

Co,, Inc, 

Hercules 

Pennwalt, Lucid01 

Chemicals 

Pennwalt, Lucid01 

peroxy) Valerate (50% active) Chemicals 

42- 

Compound Ingredient 

Union Carbide Silane 

A-llOO 

Varox 

Vulcup R 

Iuperco 130 XL 

L.lperco 230 XL 

Chemical Name/Description 

Gamma-Aminopropyltri

methoxy Silane 

295 bis(t-butyl peroxy)-2,5-

dimethylhexane (50% active) 

~ 9~f-bis(t-buty] peroxy)

diisopropylbenzene 

295-Dimethyl-2,5-bis(t-butyl-

Supplier 

Union Carbide Corpo 

Ro To Vanderbilt 

Coo, Inco 

Hercules 

Pennwalt, Lucidol 

peroxy) Hexyne-3 (45% active) Chemicals 

n-Butyl-4 9 4-bis(t-butyl- Pennwalt, Lucidol 

peroxy) Valerate (50% active) Chemicals 

-62-



APPENDIX II-A 

STATUS REPORT I -- FIRESTONE PHOSPHAZENE 

BACKGROUND: 

As per our agreement with Firestone to evaluate their phosphonitrilic 

compoundsp Parker Seal received June 5, 3.974 one pound samples of two 

phosphonitrilic fluoroelastomer stocks. These were labeled R-191,959 

(nonblack) and R-191,941 (black), These materials were Firestone's 

best effort to date with the phosphonitrilic polymer, 

PROCESSING CONCLUSIONS: 

Both stocks processed on the mill with difficulty, Handling 

properties were quite similar to the poorer processing fluorosilicone 

polymers such as L449-65. Severe sticking was encountered with the 

nonblack, and to a lesser degree with the black stock. The problem 

is a smearing and subsequent adhesion to the mill rolls. It had been 

suggested this might be alleviated by the addition of small amounts of 

silicone polymer, A small side experiment with a previous phospho- 

nitrilic fluoroelastomer compound proved this to be true at a level 

of 15 pphr, Although the effect on physical properties was not 

determined, the processing problem was eliminated, 

RHFOMETRY AND VULCANIZED PROPERTIES: 

Monsanto Rheometer curves were run on each compound to determine 

optimum cure times at 370°Fo The results were: 

90% Optimum Cure Torque/IPS 

R-191,959 (nonblack) 5 minutes 61 

R-191,941 (black) 7 minutes 40 
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APPENDIX II~A 

STATUS REPORT I -- FIRESTONE PHOSPHAZENE 

BACKGROUND: 

As per our agreement with Firestone to evaluate their phosphonitrilic 

compounds, Parker Seal received June 5, 1974 one pound samples of two 

phosphonitrilic fluoroelastomer stocks. These were labeled R-191,959 

(nonblack) and R-191.94l (black)o These materials were Firestone's 

best effort to date with the phosphonitrilic polymerQ 

PROCESSING CONCLUSIONS: 

Both stocks processed on the mill with difficulty~ Handling 

properties were quite similar to the poorer processing fluorosilicone 

polymers such as L449-65. Severe sticking was encountered with the 

nonblack, and to a lesser degree with the black stock. The problem 

is a smearing and subsequent adhesion to the mill rolls. It had been 

suggested this might be alleviated by the addition of small amounts of 

silicone polymer. A small side experiment with a previous phospho

nitrilic fluoroelastomer compound proved this to be true at a level 

of 15 pphr. Although the effect on physical properties was not 

determined, the processing problem was eliminate do 

RHEOMETRY AND VULCANIZED PROPERTIES~ 

Monsanto Rheometer curves were run on each compound to determine 

optimum cure times at 370o Fo The results were~ 

R-19l,959 (nonblack) 

R-19l,94l (black) 
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90% Optimum Cure 

5 minutes 

7 minutes 

Torque/IPS 

61 

40 



(The final torque values were indicative sf the compounds resultant 

modulus Q 180% e%oagatfsn,) In addition to the optimum cure time a 

24 hour 8 3O2OF post cure was aBao used to rem0ve any residual 

peroxide, 

The parts produced were 2-214 O-rings (,3_39ts e,s,>, The original 

physicals were as fcZLlows: 

R=lql,94a 
(black) 

Hardness9 Shore A 60 

Tensile Strength (pail 762 

Elongation (%I a.62 

M0dulus 43 100% E (psi) 455 

R-191,959 
(nonblack) 

60 

764 

119 

576 

~677-70 

74 

XL30 

165 

665 

As can be seen9 bsth stocks are still weak in comparison to a good 

fluoroeilieone, Apparently there is still a lack of good polymer- 

filler adhesion in these eompsunds, 

AGING AND DYNAMIC PROPERTIES: 

The following aging and low temperature values were obtained: 

-64- 

(The final torque values were indicative of the compounds resultant 

modulus @ 100% elongationo) In addition to the optimum cure time a 

24 hour @ 302°F post cure was also used to remove any residual 

peroxideo 

The parts produced were 2=214 O-rings {0139" coso)o The original 

physicals were as fc11ows~ 

R=1919941 R-191.959 
(black) (!!2!l b1ac k) L677-70 

Hardness 0 Shore A 60 60 74 

Tensile Strength (psi) 762 764 1130 

Elongation (%) 162 119 165 

Modulus @ 100% E (psi) 455 576 665 

As can be seen 9 both stocks are still weak in comparison to a good 

fluorosilicone" Apparently there is still a lack of good polymer-

filler adhesion in these compoundso 

AGING AND DYNAMIC PROPERTIES: 

The following aging and low temperature values were obtained: 



%(-41 52(+8) 

986(+29) 426(-17) 

161(+35) 222(+37) 

4X1(-24) 238G49) 

A,7 +6,2 

+a,8 +3*B 

Both compaunds wwre PW ON our dynamic seal %he~~~ tester against 

glimmer sf imp~ovemeat aver previous phosphonftrilie P~uoroelastomer 

compounds appeared- Leakage and seal damage was approximately 

equivalent to that ~2f the fluorssi9icsne in the nomb3ack stcsek, It is 

believed that the 9mpwved se%; contributed significantly to this x-esult, 

Fluid Age in MIL~H='5606 

7(L}f~;'U):"~~o,~~~:~lc~L~~==~== 

Hardnet55, (Change, pts) 

Tensile Strength (Change, %) 

Moduluc", @ 100% (Change" %) 

Volume Change, % 

We] go t Change.. % 

Flui.d Age in MIL=H=85282 
Zq H(H.llr.S .. @ ~r.., __ ~ 
Hardnli5S. (Change, pts) 

Tensi12 Str .h, (Change. %) 

ModulvLS @ 100%, (Change, %) 

Volume Charu;;e % 

CompreDsioD Set (5) 
70 Hours @' '5020 F 

TR=lO 

R~191y959 

56(=4) 52(+8) 

986(+29) 426(-17) 

161(+35) 222(+37) 

440(=24) 238(-49) 

+4.7 +602 

ofL8 +3.1 

57(~?3) 56(-4) 

'9W(+19) 604(-21) 

j lnC ;)0) -- . - +.- 210(t30) 

478(-17) 269(-42) 

+1.4 +LB 

~Oc4 +102 

Both compcnallds we're I"l.lin on our dynamic seal "chew" tester against 

L677=70 (fhwrnsillcone) in MIL=H~5606 fluid~ It was in this test a 

glimmer of i.mprovement over previous phosphonitrilic fluoroelastomer 

compounds appearfjd~ Leakage and seal damage was approximately 

equivalent to that of the fluorosilicone in the nonblack stock" It is 

believed that the improved set contributed significantly to this result~ 



RECOMMENDATIONS: 

1, 

2, 

3. 

4, 

The processing could very possibly be improved via the addition of 

small amounts of silicone like material, Its effect on physical 

properties should then be explored, 

The overall hardness of the stock must be improved, either through 

the use of additional fillers or via a crosslinking additive, 

Compression set requires still further improvement in order to 

retain its sealing ability over time and temperature, 

Abrasion resistance in these compounds has been shown to be 

at least equal to fluorosilicone, but in the final formula it 

must significantly be improved on if phosphonitrilic fluoroelastomer 

is to become a viable dynamic seal, 
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RECOMMENDATIONS~ 

l~ The processing could very possibly be improved via the addition of 

small amounts of silicone like materiala Its effect on physical 

properties should then be exploredo 

2. The overall hardness of the stock must be improved, either through 

the use of additional fillers or via a crosslinking additive. 

3. Compression set requires still further improvement in order to 

retain its sealing ability over time and temperature$ 

4. Abrasion resistance in these compounds has been shown to be 

at least equal to fluoroBilicone~ but in the final formula it 

must significantly be improved on if phosphonitrilic fluoroelastomer 

is to become a viable dynamic seal~ 
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APPENDIX II-B 

STATUS REPORT II -- FIRESTONE PHOSPHAZENE 

BACKGROUND: 

Parker Seal received on September 18, 19’76, one pound samples of two 

phosphonitrilic fluoroelastomer stocks, These were labeled 

R-193,228 and R-l93Q229 and were stated to be identical except for an 

addition of 15 pphr of Silastic 410 as a release agent in the latter, 

PROCESSING CONCLUSIONS: 

The addition of 15 pphr of silicone did not markedly improve the 

processing of this compound, The loss in green strength created by the 

silicone was not adequately balanced by its release, Smearing and 

adhesion to the mill remain problems with both these stocks, 

RHEOMETRY AND VULCANIZED PROPERTIES: 

Oscillating disc Monsanto Rheometer curves were run at 3" arc at 370OF. 

The results were: 

90% Optimum Cure Torque/IPS 

X22046-10 (R-193,228 + 1 pphr 6 minutes 30 
Dicup) 

x22046-11 (R-193,229) 8 minutes 25 

The test parts produced were 2-214 O-rings (.139” c,s,>, In addition 

to an optimum cure 8 370°F, all parts were given a 24 hour 0 302OF 

post cure, 

The original physicals were as follows: 

x22046-lo 

Hardness, Shore A 65 

x22046-11 L677-70 

63 74 

Tensile Strength 

Elongation (%I 

Modulus @ 100% E 

(psi> 1020 855 1130 

125 170 165 

(psi> 737 511 665 
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APPENDIX II-B 

STATUS REPORT II -~ FIRESTONE PHOSPHAZENE 

BACKGROUND: 

Parker Seal received on September l8~ 1974 one pound samples of two 

phosphonitrilic fluoroelastomer stocksc These were labeled 

R-1939228 and R-1939229 and were stated to be identical except for an 

addition of 15 pphr of Silastic 410 as a release agent in the lattero 

PROCESSING CONCLUSIONS~ 

The addition of 15 pphr of silicone did not markedly improve the 

processing of this compound. The loss in green strength created by the 

silicone was not adequately balanced by its releaseo Smearing and 

adhesion to the mill remain problems with both these stocks. 

RHEOMETRY AND VULCANIZED PROPERTIES ~ 

Oscillating disc Monsanto Rheometer curves were run at 30 arc at 3700 F. 

The results were~ 

xZ2046-10 (R-193,228 + 1 pphr 
Dicup) 

xZ2046-ll (R=193,229) 

90% Optimum Cure Torque/IPS 

6 minutes 30 

8 minutes 25 

The test parts produced were 2-214 O-rings (0139" c",so)o In addition 

to an optimum cure @ 3700 F9 all parts were given a 24 hour @ 302°F 

post cureo 

The original physicals were as follows~ 

xZ2046-l0 xZ2046-ll L677-70 

Hardness, Shore A 65 63 74 

Tensile Strength (psi) 1020 855 1130 

Elongation (%) 125 170 165 

Modulus @ 100% E (psi) 737 511 665 
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AGING AND DYNAMIC PROPERTIES: 

The following aging and low temperature value8 were obtained: 

Fluid Age in ML-H-5606 
70 Hours 0 302OF 

HardnemP mlange, pt.64 

Tensile Strength, (Change, %) 

Elongation, (Change, %) 

Moduluer 0 E ,w=nge, %6) 

Volume Change, % 

Weight Change, % 

Fluid Age in MIGH-83282 
70 Hours 0 302OF 

Hardness p (Chmge, pts) 

Tensile Strength, (Chamge, $) 

Elongation, (Change, %> 

Modulus @ UXX& (Change, %;> 

Volume change, % 

Weight Change, % 

Compfessfsn Set (%) 
70 HOUPS @ w2'=F 

Compreseisn Set in MILH-5606 (%:> 
70 Hours 0 302OF 

TRlO 

x22046-10 

56(-9) 

974(-5) 

187Mo) 

360(-5% _I 

+1500 

+ 607 

57G8) 

1040(Q) 

160(+28) 

45i’G38) 

+ 209 

+ 008 

3504 

560 9 

-67°F 

x22046-11 

58(-5) 

751(-12) 

197(+16) 

32&C-36) 

+lO,O 

+ 4-6 

57(-6) 

807(-6) 

214(+26) 

317G38) 

+ 509 

+ 2,6 

35.3 

4900 

-79OF 
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AGING AND DYNAMIC PROPERTIES~ 

The following aging and low temperature values were obtained: 

Fluid Age in MII,..,H-5606 
70 Hours @ 302°F 

Hardness, (Change~ pts) 

Tensile Strengthg (Change 9 %) 

Elongation 9 (Change 9 %) 

Modulus @ lOO%~(Change~ %) 

Volume Change 9 % 

Weight Change 9 % 

Fluid Age in MIL=H~83282 
70 Hours @ 302°F 

Hardness 9 (Change g pts) 

Tensile Strength9 (Change~ %) 

Elongation 9 (Change 9 %) 

Modulus @ 100%9 (Change, %) 

Vol ume Change 9 % 

Weight Change 9 % 

Compression Set (%) 
70 Hours @ 302°F 

Compression Set in MII,..,H=5606 (%) 
70 Hours @ 302°F 

TR10 

xZ2046-10 

56(-9) 

974(-5) 

187(+50) 

360(~5l) 

57(-8) 

1040(+2) 

160(+28) 

457(-38) 

xz2046-11 

58(-5) 

751(-12) 

197(+16) 

326(-36) 

+10 .. 0 

+ 4 .. 6 

57(-6) 

807(-6) 

214(+26) 

317(-38) 



Both compounds were compared on our dy~mic seal %hew" tester against 

a good fluorosi%icone (biker I.@F=TO) in MILH-5606 fluid, These 

partieuEar compounds proved to be less an improvement than the previous 

compounds that were tested, %a a%1 cases, the phosphonitrilie fluoro- 

elastomer stocks0 modes of failure, rolling and tearing, were due to 

mechanical fty and low tear strength, Both these problems have 

their roots fn a ILack oi vulcawiaate modulus, 

-?__s 

1, The p~%mary problem of compound modulbus improvement should be 

strongly emphasized, Better polymer-filler interaction is a must 

if phosphonhtrilie fluoroelastomer is ever to be an advantage 

over fluorosilicone stocks, 

2, Processing problema are of strictly secondary importance at this 

point in development, The technique of using a silicone polymer 

as a release agent, however, is stiU. v&able and should contiruae 

to be investigated, The investigation should especially include 

the newer Mgh strength, high tear silicone polyu~ers~ 

-6% 

Both compounds were compared on our dynamic seal "chew" tester against 

a good fluorosilicone (Parker 1677=70) in MI1FH~5606 fluido These 

particular compound~ proved to be less an improvement than the previous 

compounds that were testedo In all cases~ the phosphonitrilic fluoro-

elastomer stocks Q modes of failure, rolling and tearing9 were due to 

mechanical ~1ability and low tear strengtho Both these problems have 

their roots in a lack of vulcanizate moduluso 

RECOMMENDATIONS~ 

10 The primarypl'oblem I1)f ~olllpound modulus improvement should be 

strongly emphasizedo Better polymer=filler interaction is a must 

if phosphonitrilic tluoroelastomer is ever to be an advantage 

over fluorosilicone stockeo 

20 Processing problems are of strictly secondary importance at this 

point in developmento The technique of using a silicone polymer 

as a release agent g however g is still viable and should continue 

to be investigatedo The investigation should especially include 

the newer high strength g high tear silicone polymers. 



Firestone rJomments on ?arker's Final Report _-=- 

The compounds shown in Table XVI11 were submitted to Parker for 

evaluation during the final. quar-te~ nf the contract period, The use 

of the silane eouplineg agen%s iCmp~u~~d:~ i;--l~hq&k to 846) was based 

on an earlier recommendation by Parher that coupling agents be evalu- 

ated in an effort to increase the interaction be:tween the polymer and 

the fiPPer, It was believed th3t f,Yrlb :~ouId zmpsave both static and 

dynamic physical properties of' z.hesz @cmpo@r-,.2.~, 

Compound R-194,847 featured tha add.~Cizn of Teflon 6 and Silastic 

430 to improve the processing of phosyho~r*rilio fluoroelastoiner com- 

pounds, As detailed in the Parker rsp~rt which follows, the desired 

reduction in smearing on the mill_ and improved green strength were 

realized, but some reductnon in .seciil. yse _s?ormance sesul.ted, probably 

due to poor dispersion of the Teflon h in %he compound, 

Parker has no%e'd that these fc~~ compounds represent "quantum" 

improvement6 over previouskp tlssted phcsnhonitrilic fluoroelastomer 

compounds, Their eoncPu3ion is *ha-f aithough further development of 

phosphonitrilie fluoroelastomer compoungd~ will. be required to realize 

their full potential Pn O-ring hydraulic eeala, they are fast approach- 

ing fluorosilicones and in some ap&:aE; they now surpass fluorosilicones. 

It is important to no%.e that the ~hosahacitz+ilic fluoroelastomer O-ring 

seals are superior to the fluorosll~coae Ci-,-~ng seais with respect to 

extrusion resistance and abrasion resistance,: 

FINAL m~PORT 

F'IRESTONE PHOST"F_4ZENE DEilELOPMENT 

Firestone Commen!£~~rker' B Final Report 

The compounds shown in Table XVIII wore submitted to Parker for 

evaluation during the final quarter of' the contract period. The use 

of the silane coupling agents (CompJUlrds R-194 ~ 844 to 846) was based 

on an earlier recommendation by Parker tl'w.t coupling agents be evalu-

ated in an effort to increase ~.~l'1e interEh:tion bet~"een the polymer and 

the fillero It was believed th'1t t!1isl'Iio1J:ui :unprove both static and 

dynamic physical properties of these c:ompot..l1is. 

Compound R~194~847 featured the .'l.dd:itiGI'l. of Teflon 6 and Silastic 

430 to improve the processing of phosrhorll.ttilic fluoroelastomer com-

pounds 0 As detailed in the Parker l'aport which follows 9 the desired 

reduction in smearing on the mill and ~mproved green strength were 

realized 9 but some reduc,tion in sec.d performance resulted, probably 

due to poor dispersion of the Teflon b in U::.e compound~ 

Parker has noted that these four compounds represent II quantum l1 

improvements over previously tasted phc6phonitrilic fluoroelastomer 

compounds 0 Their conchu3ion i8 that although further development of 

phosphonitrilic fluoroelastorner compound", will be required to realize 

their full potential in O·ring hydraulic seRhi~ they are fast approach-

ing fluorosilicones and in some a~~as they now surpass fluorosilicones. 

It is important to note that the ph05phClr.itrilic fluoroelastomer O-ring 

seals are superior to the fluorosilicone O~::"lng seal,s with respect to 

extrusion resistance and abrllsion JresiBtance" 



SEAL GROUP: 10637 JEFFERBON DOULEVARD, CULVER CITY, CALIFORNIA 9OZSO.TEL~PHOFiE (215) 8874101 

FINAL REPORT 
"FIRESTONE PHOSPHAZENE DEVELOPNEXT 

April 11, 1975 

OBJECT 

The purpose of this program was the development’ of a phosphonitrilic 
fluoroelastomer (PNF) based rubber compound for USC in O-rings as a 
competitor to the fluorosilicone class of polymers. The processing 
characteristics of the raW compound were to be evaluated on standard . 

rubber processing equipment. Accelerated fluid aging and wear testing 
were to be performed on O-ring test specimens. Recommendations were 
to be made concerning further improvement of PXF compounds for use in 
O-rings. 

In this, the final phase of the program, four compounds were received 
and evaluated as O-ring stocks. These were R194,844 through 194,847 
(see page 4. > and were relabeled with the Parker Seal numbers XN2046-12, 
13, 14, and 15 respectively. 

PRCXESSING CONCLUSIOKS 

Each of the first three compounds processed poorly, much as have most 
of the PNF compounds developed to date. Processing on a double.roll 
mill was difficult although a slight improvement in release was detected 
over previous compounds. Smearing and subsequent adhesion to the rolls 
persisted as the processing nemesis of these PNP materials. XN2046-15, . 

however, represented an abrupt departure from all the compounds seen 
heretofore. Its processing was marked by good green strength and 
excellent release properties. It processed not unlike a high strength 
silicone and as such represented a goal obtained in PNF processing. 
Such a material could be readily processed as an O-ring stock.with 
conventional methods. Unfortunately, certain trade-offs were made in 
fluid resistance to obtain this as will be discussed later. 

NOLDING PROPERTIES 

The test specimens 
1" ID.) It should 
0f -is. The stock 

produced were Z-214 O-rings (. 139” cross section‘ . 
be noted some difficulty was encountered in the Aolding 
had a slight tendency to form knit lines where it had 

flowed together. (The cause of this problem is suspected to be.the five 
parts of Teflon 6 in the compound.) The thin flash of all the PtiF compounds 
tends to be sticky and could present an obstacle to deflashing of parts in 
a f&l production set up. Each of the compounds was found to-vulcanj_~e 
ta an oprk_1::; SC:!?-? r:ir' cll_lTC 3: 37C"F after five rsiilu7zes, \$iell within the 
limitations 0: 0-riltg production. 
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OBJECT 

The purpose of this program \'las the development' of a phosphoni trilic 
fluoroelastomer (PNF) based rubber compound for use in O-rings as a 
competitor to the fluorosilicone class of polymers. The process1ng 
characteristics of the raH compound were to be ev.aluated on standard 
rubber processing equipment. Accelerated fluid aging and wear testing 
were to be performed on O-ring test specimens. Recommendations were 
to be made concerning further improvement of PNF compounds for USe in 
O-rings. 

In this, the final phase of the program, four compounds were received 
and evaluated as O-ring stocks. These were R194,844 through 194,847 
(see page 4.) and were relabeled with the Parker Seal numbers XN2046-l2., 
13, 14, and IS respectively. 

PROCESSING CONCLUSIm~S 

Each of the first three compounds processed poorly, r.lUch as have most 
of the PNF compounds developed to date. Processing on a double roll 
mill Has difficult although a slight improvement in release was detected 
over previous compounds. Smearing and subsequent adhesion to the rolls 
persisted as the processing nemesis of these PNF materials. XN2046-15, 
however, represented an abrupt departure from all the compounds seen 
heretofore. Its processing \'las marked by good green strength and 
excellent release properties. It processed not unlike a high strength 
silicone ~~d as such represented a goal obtained in PNF processing. 
Such a material could be readily processed as an O-ring stock,with 
conventional methods. Unfortunately, certain trade-offs were made in 
fluid resistance to obtain this as \'.'ill be discussed later. 

MOLDING PROPERTIES 

The test specimens produced were 2-214 O-rings (.139" cross section , 
I" ID.) It should be noted some difficulty was encountered in the ~olding 
of -i5. The stock had a slight tendency to form knit lines where it had 
flowed together. (fhe cause of this problem is suspected to be ,the five 
parts of Teflon 6 in the compound~ The thin flash of all the PNF compounds 
tends to be sticky and could present an obstacle to deflashing of parts in 
a full production set uP. Each of the compounds was found to Yulca.'1ize 
to. an opt:i.r.:UI~; St:~ltc-' of cure at 370°F after five I:Lii1utes~ \\c11 within the 
limitations 0'£ O-ring production. 
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2. 

VLJIXANIZED PROPERTIES 

For ease of installation on piston rings, most O-ring seals 
sufficient strength to be stretched over the piston without 
Experience has shobn that a tensile of 1100-1200 psi and an 

require 
breaking. 
elongation 

of 125% to be the approximate minimums to accomplish this task. The 
data show that of all the compounds, including the representative 
fluorosilicones, only XN2046-15 meets these requirements. {It does so 
at a cost to overall performance as explained below.) However, all of 
the PNF compounds here are quantum improvements over previous compounds 
in this area. 

The Shore A hardness of these stocks is still somewhat low for use in 
the full range of dynamic applications. The optimum hardness should be 
about 75 Shore A to make a good dynamic ring, whereas the PNF rings 
continue to run below 70 without sacrifice to elongation. 

In the area of modulus, the O-rings tested were also much improved, 
yielding 800-900 psi at 100 % elongation as opposed to the 400-500 psi 
seen previously. This improvement in turn led to better results in the 
areas of extrusion and dynamic chew testing, Similarly, the hot stress- 
strain results confirmed this modulus improvement over a high temperature 
range. 

EXTlWSION RESISTAiL'CE 

O-ring extrusion resistance is tested by measuring the pressure required 
to extrude the O-ring test specimen from a groove with diametrical 
clearance of .015". By performing this test at various temperatures, 
an excellent measure of relative extrusion resistance is produced. The 
results of this testing proved predictable from the modulus figures. The 
-12 and -14 were highest, the -13 and -15 were a second grouping, and the 
fluorosilicones trailed the field. This effect was also demonstrated in 
the chew testing. 

"AIR'AHD'FLUID'TESTING 

In air aging, excessive hardness increases or elongation losses are to be 
avoided. The data show the PNF stocks to have performed reasonably well 
here in comparison to the fluorosilicones. It is desirable, although, 
to have an aged elongation above 100 % and this would have been the case 
with the PNF if our initial elongations had been higher with the -12, -13, 
and -14 as were -15 and the fluorosilicone. .The -15, with its small amount 
of silicone , proved superior over the other PhTF compounds in retention of 
overall good properties in heat age. 
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For ease of installation on piston rings, most O-ring seals require 
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the PNF compou~ds here are quantum improvements over previous compounds 
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The Shore A hardness of these stocks is still somewhat lm'i for use in 
the full range of dynamic applications. The optimum hardness should be 
about 75 Shore A to make a good dynamic ring, \'ihereas the PNF rings 
continue to run below 70 ,'Ii thout sacrifice to elongation. 

"In the area of modulus, the O-rings tested were also much improved, 
yielding 800-900 psi at 100% elongation as opposed to the 400-500 psi 
seen previously. This improvement in turn led to better results in the 
areas of extrusion and dynamic chew testing. Similarly, the hot stress
strain results confirmed this modulus improvement over a high temperature 
range. 

EXTRUSION RESISTANCE 

O-ring extrusion resistance is tested by measuring the pressure required 
to extrude the O-ring test specimen fro~ a groove with diametrical 
clearance of .01511

• By performing this test at various temperatures, 
an excellent measure of relative extrusion resistance is produced. The 
results of this testing proved predictable from the modulus figures. The 
-12 and -14 were highest, the -13 and -15 were a second grouping, and the 
fluorosilicones trailed the field. This effect was also demonstrated in 
the che\'i tes_ting. 

- -AIR "AND FLUID TESTING 

In air aging, excessive hardness increases or elongation losses are to be 
avoided. The data show the PNF stocks to have performed reasonably well 
here in comparison to the fluorosilicones. It is desirable. although, 
to have an aged elongation above 100% and this would have been the case 
with the PNF if our initial elongations had been higher \vith the -12, -13, 
and -14 as \v'ere -15 and the fluorosilicone. The -15, with its small amount 
of silicone, proved superior over the other PNF compounds in retention of 
overall good properties in heat age. 
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3. 

In general, the results of the fluid aging proved the superiority of 
PNF solvent resistance over fluorosilicones regardless of the fluids 
in which they were tested. Swelling and general degradation was less 
with all the PNF stocks than the fluorosilicones. The oil aging at 350°F 
in the FIIL-H-83282 fluid only moderately effected the PNF's, whereas the 
fluorosilicones were destroyed. The steam testing demonstrated well the 
hydrolytic stability of PNF versus fluorosilicone. The PNF compounds were 
so good in the area of solvent resistance that it worked to their detri- 
ment in slightly higher compression sets than would otherwise be possible 
with more positive swell. 

The oil aging results also shed lig1it on a peculiar defect of XN2046-15. 
All of the specimens tested in oil gave an 'uneven or lumpy swell. This 
was later determined to be caused by a nondispersed component, Teflon 6. 
The effect of the uneven swell produced high variability in the fluid age 
results. In the dynamic testing this swell .led to actual damage of the 
O-ring. 

Compression set is the most critical property an O-ring must possess and 
it is the mozcommon downfall of experimental compounds. These phosphazenes 
are much improved over past compounds in this area; fast becoming comparable 
to at least one of the fluorosilicones and actually showed superiority in 
the MIL-H-83282 fluid. This conclusion was borne out in the dynamic testing. 

DYNAMIC TESTING 

Of all our physical tests, the rod chew tester is the closest to an actual 
sealing application. The test was run on all stocks in.both MIL-H-5606 and 
MIL-H-83282 fluids. The results provided definitive proof of the PNF stocks! 
ability as a dynamic seal. With the exception of the -15 with its dispersion 
problem, the PNF compounds performed far better than either fluorosilicone. 
Leakage was higher in the phosphazenes than the fluorosilicones but more 
importantly the phosphazene took only a slight compression set while both 
fluorosilicones had undergone severe physical damage. It was concluded that 
had the test continued, both the fluorosilicones would catastrophically fail 
while the PNF would tend to higher leakage due to compression set. (This 
latter type of failure is more desirable than total failure.) 

RECOMMENDATIONS 

1. The initial processing problem of mill smearing is apparently 
solvable with the addition of a small amount of silicone. For 
release, the Teflon 6 could still be utilized if an adequate 
method of dispersion is found. 

2. Compression set could still stand further improvement in order 
for PNF to retain its sealing ability over time and temperature. 

3. A final compound incorporating the above should be given a pilot 
study and subsequent trial in an actual application 
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Original Physical Properties 
HarJncss, Shore A, pts 
Tensile Strength, psi 
Elongation, % 
Modulus @ lOO%, psi 
Specific Gravity 

Air Aging 
70 ilvurs@ 302’F 
--,-- Har(l!less, Shore A, (Chg, pts) 
Tensile Strength, psi (Chg, %) 
Elongation,% (Chg, %) 
Modulus @ loo%, (Chg, %) 
Ideig!lt Change, % 
Compression Set 
% of Original Deflection 

Compression Set in Air 
I 

$ 

@ 347°F 

I Fluid Age in MIL-H-5606 
70 I!c)urs @ 302’F --___. 
Hardness, Shore A, pts 
Tensile Strength, psi (Chg, %) 
Elongation, %, (Chg, %] 
Modulus @ 100% (Chg, %) 
Volume Change, % 
Weight Change, % 
Compression Set 
% of Original Deflection 

Fluid Age in MIL-H-5606 
70 11ours @ 347’F 
Hardness, Shore A, pts 
Tensile Strength, psi (Chg, %) 
Elongation, % (Chg, %> 
Modulus @ lOO%, (Chg, “a) 

Volume Change, % 
r;‘eight Change, % 
Compression Set 
% of Original Defl.ection 

ORIGINAL FHYSICALG 

L449 L677 XN2046-12 -‘1: 

57 63 67 
692 1050 983 
153 245 92 
353 380 

1.41 

58 (+l) 
600 (-13) 
137(-10) 
362 (-3) 
-0.3 

64 (~1) 
1020 (~3) 

230 (76) 
404 (?6) 
-0.4’ 

70 (+3) 71(+8) 
1110(*13) 1120(-S) 

93 (+l) 73 (-18) 

-5.5 -5.5 

79 (+7) 
1080 (+S) 

87 (-1) 

-5.9 

70(-3)* 
1100 (+17) 

159 (+31) 
740(-6) 
-1.3 

29.4 16.6 24.2 49.0 35.3 31.4 

47.1 30.4 48.5 70.6 52.9 54.9 

48(-g) 
690 (0) 
213 (+39) 
210(-41) 
c9.7 
+5.9 

59 (-4) 
798 (r24) 
207 (-16) 
319 (~16) 
c7.q 
44.3 

67 (0) 65 (-2) 72 (0) 58(-X)* 
1120(+14) 1106(+6) 1210(+21) 1080 (*lS) 

109 (+18) 114 (0) 109(+24) 236 (495) 
1000 890(+10) 1090 454 (-42) 

+1.7 0 -1.0 +11.5 
-6.4 -1.8 -2.7 + 5.7 

10.8 21.5 38.2 55.9 47.1 46.1 

43 (-14) 
500(-28) 
240 (+57) 
121(-66) 
+13.2 
+ 7.8 

57 (-6) 
621 f-41) 
192 (-22) 
287 c-24) 
+10.2 
+5.$ 

GO(-7) 60 (-3) 
755 (-23) 866(-17) 
132 (+43) 139 (+27) 
5 1 8 ‘O, 503 (-39) 
+ 2.5 - 0.2 
+ 0.5 - 2.7 

65 (-7) X(-18)* z 
773 (-23) 
114 (+30) 

674(-28) % 
262 (+117) p 

670 325 (-59) 
- 0.5 +14.7 
- 2.9 + 7.0 

51.0 45.i 67.6 s2.4 74.5 64.7 

‘AIR ‘AND ‘FLUID ‘AGINGS 

‘XN2046-13 

63 
1040 

114 
810 

‘XN2046-14 

72 
1000 

88 

XN2046-15 

73” 
940 
121 
789 

ORIGINAL PHYSICALS . . 

L449 ~~ XN204u~12 ' 'XN2046~13 'XN2046-14 XN2046-15 
Original Physical ProEerties 
Hardness, Shore A, pts 57 63 67 63 72 73* 
Tensile Strength, psi 692 1050 983 1040 1000 940 
Elongation, % 153 245 92 114 88 121 
Mouulus @ 100%, psi 353 380 810 789 
Specific Gravity 1.41 

Air Aging , 'AIR'AND'PLUID'AGINGS 
70 )Juurs@ 302°F i 

HUDlilcss, Shore A, (Chg, pts) 58(+1) 64 (tl) 70(+3) 71 (+8) 79(+7) 70(-3)* 
Tensile Strength, psi (Chg, %) 600(-13) 1020( ... 3) 1110 (+13) 1120(-8) 1080(+8) l100 ( +17) 
Elongation,% (Chg, %) 137(-10) 230(.,.6) 93 (+1) 73(-18) 87 (-1) 159(+31) 
Modulus @ 100%, (Chg, %) 362 (-3) 404 (t6) 740(-6) 
Weight Change, % -0.3 -0.4' -5.5 -5.5 -5.9 -1.3 
Compression Set 
% of Original Deflection 29.4 16.6 24.2 49.0 35.3 31.4 

Compression Set in Air 
I @ 347°F 47.1 30.4 48.5 70.6 52.9' 54.9 
0'\ 
-.0 
(II 

Fluid Age in MIL-H-5606 I 

70 llours @ 302°p 
HarJi1css, Shore A, pts 48 (-9) 59( .. 4) 67 (0) 65(-2) 72 (0) 58(-15)* 
Tensile Strength, psi (Chg, %) 690(0) 798(,..24) l120(+14) 1106(+6) 1210(+21) 1080(+15) 
Elollgation, 9! 0, (Chg, %) 213(+39) 207 (-16) 109(+18) 114 (0) 109(+24) 236(+95) 
Modulus @ 100% (Chg, %) 210 (-41) 319( ... 16) 1000 890(+10) 1090 454(-42) 
Volume Change, % +9.7 +7.& +1.7 0 -1.0 +11.5 
Weight Change, % +5.9 +4.3 -0.4 -1.8 -2.7 + 5.7 
Compression Set 
% of Original Deflection 10.8 21.~ 38.2 55.9 47.1 46.1 

Fluid Age in MIL-H-5606 
70 Hours @ 347°F 
HarJnoss, Shore A, pts 43 (-14) 57(-6) 60(-7) 60(-3) 65(-7) 55(-18)* ~ 

r.: 
Tensile Strength, psi (Chg, %) 500(-28) 621 (-41) 755(-23) 866(-17) 773(-23) 674(-28) OQ 

<1l 
Elongation, % (Chg, %) 240(+57) 192(-22) 132(+43) 139(+27) 114 (+30) 262(+117) 

~ 

~lodulus @ 1009G, (Chg, %) 121(-66) 287~-24) SIS", 503(-39) 670 325(-59) 
Volume Change, % +13.2 +10~2 + 2.5 - 0.2 - o.S +14.7 
Weight Change, % + 7.8 +5.4 + 0.5 - 2.7 - 2.9 + 7.0 
Compression Set 

51.0 45.l- 67.6 82.4 74.5 64.7 
% of Original Deflection 
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Fluid Age in MIL-H-83282 
70 Hours @ 302'F 
Hardness, Shore A, (chg, pts) 
Tensile Strength, psi fChg, $) 
Elongation, % (Chg, 0) 
Modulus @ 100% (Chg, %) 
Volume 'Change, % 
Weight Change, % 
Comjxcssion Set 
S, of Original Deflection 

Fluid Age in MIT,,-H-83282 
70 I-!ours @ 347°F " 
Ea!&less, Shore A, (Chg, pts) 
Tensile Strength, psi, (Chg, %) 
Elongation, % (Chg, %) 
Modulus @ 100% (Chg, %> 
Volume Change, % 
Weight Change, % 
Compression Set 
% of Original Deflection 

Steam Aging 
240 Hours @ 302°F 
)iCif..ness, Shore A, (Chg, pts) 
Tensile Strength, psi (Chg! %) 
Elongation, % (Chg, %) 
Modulus @ 100% (Chg, %) 
Volume Change, % 
'r\'eigh,t Change, % 

Steam Aging 
240 IIours @ 347'F 
%i%~ess, Shore A, (Chg, pts) 
Tensile Strength, psi (Chg, 2) 
Elongation, % (Chg, %) 

.Modulus @ lOO%, (Chg, %) 
Volume Change, % 
weight Change, % 

'AII~'~D'FLU~D'AGINGS 

L449 

49(-S) 
566(-18) 
189{+24) 
214(-39) 
+ 5.0 
+ 3.1 

28.4 

L637 -- 

59(-4) 
702(-33) 
220(-10) 
294~"23) 
+ 3;4 
+ 1,9 

41.2 

Sample integrity lost 

’ 

+ 2.1" + 1.3 
- 0.4 - 0.4 

73.5 94.1 

41(-1C) 58(-S) 
.X5(-78) 273 t-74) 
155(+1) I 119 ,-51) 
107(-70) 245(-55) 
+ 6.3. + 5.4 
+ 4.7 + 3;4 

Samples disintegrated 

XN2046-12 

6C(-1) 
1070(+9) 
108(+17) 
936 
+ 2.2 
+ 0.01 

34.2 

62(-S) 
1040(+6) 
131(+42) 
670 
+ 2.5 
0 

41.2 

60[-7) 
394(-60) 
117(+27) 
337 
+52.0 
+28.6 

75(+8) 

- 2.7 
- 2.9 

XN2046-13 

62(-l) 
1100(+6) 
120(+5) 
803(-l) 
+ 1.5 
- 0.9 

44.1 

59(-4) 
1030(-l) 
142(+25) 
569(-30) 
+ 9.1* 
+ 2.8" 

61.8 

60(-3) 
391(-62) 
107(-6) 

360 
+50.4 
+28.4 

83(+20) 

+ 5.2 
- 3.2 

xN2046-14 

72(O) 
1030(+3) 
102(+16) 
993 
+ 0.1 
- 1.8 

39.2 

67(-S) 
972(-3) 
123(+40) 
734 
+ 5.5* 
- 0.5" 

52.0 

62(-10) 
328(-67) 
90(+2) 

+45.8 
+24.3 

64(-8) 

+ 6.8 
+ 1.1 

XN2046-15 

60(-13)" 
967(+3) 
194(+60) 
454(-42) 
+ 615 
+ 3.5 

46.1 

60(-13)* 
894(-S) 
254(+110) 
356(-55) 
+ 9.0 
+ 4.7 

55.9 

60(-13)* 
272(-71)" 
88(-2.7)" 

+35.1 
+20.6 

65(-a)* 
178 
35. 

+11.9 
+ 6.1 

*Variable results amone specimens 

· . AIR A.~D F~UrD AGINGS 

L449 L677 X.N2046-12 XN2046-13 XN2046-14 XN2046-15 
Fluid Agc in MIL-H-83282 . 
70 Hours @ 302°F 
Hardness, Shore A, (ehg, pts) 49 (-8) 59(-4) 66(-1) 62(-1) 72 (0) 60(-13)* 
Tensile Strength, psi (Chg, %) 566(-18) 702(-33) 1070(+9) 1100 (+6) 1030(+3) 967 (+3) 
Elongation, % (Chg, %) 189(+24) 220(-10) 108(+17) 120 (+5) 102 (+16) 194(+60) 
Modulus @ 100% (Chg, %) 214(-39) 294 ~-2.3) 936 803(-1) 993 454 (-42) 
Volume 'Change, % + 5.0 + 3.'4 + 2.2 + 1.5 + 0.1 + 6·~S 
Weight Change, % + 3.1 + 1.,9 + 0.1 -0.9 - 1.8 + 3.5 
COl!!pression Set 
, of Original Deflection 28.4 41.2 34.2 44.1 39.2 46.1 

Fluid Age in MIL-H-83282 
70 Hours @ 347°F 
Hardness, Shore A, (Chg, pts) 62(-5) 59(-4) 67(-5) 60(-13)* 
T~nsi1e Strength, psi, (Chg, %) Sample integrity lost 1040(+6) l030(-1) 972 (-3) 894 (-5) 
Elongation, % (Chg, ~) 131 (+42) 142(+25) 123 (+40) 254 (+110) 
Modulus @ 100% (Chg, %) 670 569(-30) 734 356 (-55) 
Volume Change, % + 2.1* + 1.3 + 2.5 + 9.1* + 5.5* + 9.0 

I Weight Change, % - 0.4 - 0.4 0 + 2.8* - 0.5* + 4.7 0'\ 
-.0 Compression Set ~ % of Original Deflection 73.5 94. ~ 41.2 61.8 52.0 55.9 

Steam Aging 
240 Hours @ 302°F 
Ha1:Liness, Shore A, (Chg, pts) 41 (-16) 58 (-5) 60(-7) 60(-3) 62(-10) 60( -13) * 
Tensile Strength, psi (Chg,%) .155(-78) 273~-74) 394(-60) 391(-62) 328(-67) 272(-71)* 
Elongation, % (Chg, %) 155 (+1) 119-51) 117 (+27) 107(-6) 90(+2) 88(-27)* 
~:lodu1us @ 100% (Chg, %) 107(-70) 245(-55) .337 360 
Volume Change, % + 6.3 . + 5.4 +52.0 +50.4 +45.8 +35.1 
Weigh;t Change, % + 4.7 oj. 3~4 +28.6 +28.4 +24.3 +20.6 

Steum Aging 
240 Hours @ 347°F 
Hardness, Shor'e A, (Chg, pts) 75(+8) 83 (+20) 64 (-8) 65 (-8) * .'"d 
Tensile Strength, psi (Chg, %) Samples disintegrated 178 III 

CQ 

Elongation, % (Chg, %) 35 . CD 

. Modulus @ 100%, (Chg, %) til 

Volwne Change, % - 2.7 + 5.2 + 6.8 +11.9 
Weight Change, % 2.9 3.2 + 1.1 + 6.1 

*Variab1e results among specimens 



Compound 

L449-65 

Tensile 255 304 199 
Elongation 82 93 68 
Modulus @ '50% 138 140 131 

L677-70 

Tensile 
Elongation _ 
Modulus @ :50% 

X22046-12 

Tensile 593 572 565 
Elongation 84 80 82 
Mbdulus @ 50% 241 248 223 

X22046-13 

Tensile 538 503 490 
Elongation 95 90 88 
Modulus @ 50% 155 159 162 

X22046-14 

Tensile 546 538 524 
Elongation 73 74 74 
Modulus @ SO% 316 297 300 

X22046-15 

Tensile 538 567 487 
Elongation 127 134 130 
Modulus @ 50% 138 142 133 

HOT STRESS - STRAIN RESULTS 

'@ 275'ti @ 300°F @ 350°F 

510 433 
150 129 
162 169 

Gregory C. Freeman 
April 11, 1975 

49g- 

l 

page 6 

404 
119 
167 

,. , , 

Compound 

L449-65 

Tensile 
Elongation 
Modulus @ '50% 

L677-70 

Tensile 
Elongation. 
Modulus @ :50% 

XZ2046-12 

Tensile 
Elongation 
Modulus @ 50% 

XZ2046-13 

Tensile 
Elongation 
Modulus @ 50% 

XZ2046-14 

Tensile 
Elongation 
Modulus @ 50% 

XZ2046-1S 

Tensile 
Elongation 
Modulus @ 50% 

Gregory C. Freeman 
April 11, 1975 

page 6 

. HOT STRESS - STRAIN RESULTS 

'@ 275°p @ 300°F @ 350°F 

255 304 199 
82 93 68 

138 140 131 

• 

510 433 404 
150 129 119 
162 169 167 

593 572 565 
84 80 82 

241 248 223 

538 503 490 
95 90 88 

155 159 162 

546 538 524 
73 74 74 

316 297 300 

538 567 487 
127 134 130 
138 142 133 

-69g-
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COCO 

HIGHEST 

EXTRUSION RESULTS 

PRESSURES WI1ICH A STATIC O-RING CAN WITHSTAND 
WITHOUT PERMANENT TRACES OF EXTRUSION 

.OlS Gap 

-69b 

7000 

Coco 

2.000 

1000 

EXTRUSION RESULTS 

HIGHEST PRESSURES \\'HICH A STATIC O-RING CAN WITHSTAND 
WITHOUT PERMANENT TRACES OF EXTRUSION 

.015 Gap 

o~------~--------~--------~------~~-------+------~ 
100 ISO ;!OO 250 300 

. TEMPERATURE /"F) 

-69h-
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DYNAMIC CHEW TEST RESULTS CONDITIONS OF "TEST 

Sample: " 2-214 Rate: 60 CPM 
Rod Din: .9~8" Temp: 275°F 
Stroke: 2" Backups: Filled Teflon 
Pressure 3000 psi 

COMPOUND L449-65 L677-70 XZ2046-12 XZ2046-13 XZ2046-l4 XZ2046-1S 

Fluid: MIL-H-83282 

Cycles Run 100,800 100,800 100,800 100,800 100,800 100,800 

Total Leakage (cc) 11.5* 8* 16.5 18.5 15 69 

Abrasion Severe Moderate None ~loderate None Moderate 

I 
(]\ 

'" Fluid: MIL-H-S606 .... 
I 

Cycles 43,200 100,800 100,800 100,800 100,800 100,800 

Total Leakage (cc) Failure 6* 15 14.5 4.4 19 

Abrasion Severe Moderate None None None Slight 

*Note that an unusually 10\'/ leakage combined with high abrasion signals an imminent catastrophic failure of 
the seal. " 

.~ 

~ 
(tI 

00 



TABLE I 

PH'YSICAL PROPERTIES OF PHOSPHONITRILIC FLUOROELASTOMEZS 
USED IN lX:'ELOPMENT OF O-RING COMPOUNDS 

Polymer No. 

Dilute Solution Viscosity (DSV) 2-35 

% Gel 0.00 

K-17638(1) 

2.21 

0.00 

Polymer Composition 

Mole % - OCH2CF 
Mole % - 
Mole % - 

;~$@&;3CF2" 

Weight % Na+ 
Weight $ Cl' 

51.3 
47.9 
oe5 
0.05 
0.12 

51.3 
47.9 
1.1 
0.07 
0.15 

Gum Heat Aging @ 300°F DSV (% Gel) DSV (% Gel 

24 hrs. 
48 
72 
120 
240 

1.60 (0.00) 1.02 (0.00) 
1.25 19 0.84 n 
0.90 1) 0.59 11 

0.88 1) 0.53 II 

0.56 tt 0.38 ff 

Specific Gravity 1.54 1.74 

ML,,/2120F __ 14 

Williams Plasticity 

1 min. (mm) 3.57 3.68 
3 min. (mm> 2.45 2.68 
Recovery (mm) 1.12 1.00 

(1) Samples were a mill blend of 9 samples (100 g.) selected at 
random from the entire lot, 

-7o- 

TABLE I 

PHYSICAL PROPERTIES OF PHOSPHONITRILIC FLUOROELASTOMERS 
USED IN DE'/ELOPMENT OF O-RING COMPOUNDS 

Polymer No. 

Dilute Solution Viscosity (DSV) 

% Gel 

Polymer Composition 

Mole % - OCH2CF . 
Mole % - OCH2(cr2)3CF2H 
Mole % - Cure site 
Weight % Na+ 
Weight % Cl-

Gum Heat Aging @ 3000 F 

24 hrs. 
48 
72 

120 
240 

Specific Gravity 

ML,/2l20 F 

Williams Plasticity 

1 min. (mm) 
3 min. (mm) 
Recovery (mm) 

0.00 

51.3 
47.9 
0.5 
0.05 
0.12 

DSV 

1.60 
1.25 
0.90 
0.88 
0.56 

1 .. 54 

3.57 
2.45 
1.12 

(% Gel) 

(0.00) 
" 
" 
" 
II 

2.21 

0.00 

51.3 
47.9 
1.1 
0.07 
0.15 

DSV 

1.02 
0.84 
0.59 
0.53 
0.38 

1.74 

14 

3 .. 68 
2.68 
1.00 

(1) Samples were a mill blend of 9 samples (100 g.) selected at 
random from the entire lot. 
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C% Gel) 

(0.00) 
" 
" 
" 
" 



PHYSICJ%L PROPERTIES OF O-RING STOCKS (CARBON BLACK 
REINFORCED-PEROXXD3 CURE)(1432-2) 

ComDound R190,264 R190,265 

PWP (K-17217) 100 100 
FEF Black 25 25 
MT Black -- --. 

Austin Black _- _I 

Stan Hag ELC 6 6 
Ep&!_ene C-3p5-G -- 3 
Stabilizer 1 1 
Dicup MC 2 2 

Ml1 Frocessingl Fair Fair-Good 

Moqsazto__Pheometer Cure2 
(2 335'" 

Time to 2 pt. risefnin.) 3.1 3-7 
Time to optimum cure(min.&.l 12.5 
Minimun Torque (ip) 6.9 7.1 
Xzxirn~Xz Torque (ip> 14-g 13.8 
Cure Rate Index 11.1 11.4 

W370JF 
Time to 2 pt. rise(min.) l-5 1.8 
Time to optimum curehin.)3.5 3.8 
14inimus Torque (i.p> 7.0 7.0 
&ximm Torque (ip> 14.0 13.0. 
Cure &zte Index 53.0 50.0 

mgo,266 

100 
15 
15 
-- 
6 
-- 
1 
2 

Fair Fair Fair 

3.0 3.7 3.6 
11.5 14.5 11.7 
6.1 7.3 7.1 
13.8 14.5 14,8 
~1.8 9.3 12.3 

12.5 
66.7 

~19~,267 R190,268 

100 100 
20 25 
-- -_ 
15 _- 
6 6 
-- _- 
1 ,- 
2 2 

Stress-Strain 
%z%re (min.~~3F) W/TO 4/370 3O/32O 4/370 30/320 4/370 30/32Q b/370 XI/320 4/37Q 
post Cure (24 hr. 8 2123F) 
10% modulus (psi) -- 42 -- 42 -- 35 -- 38 -- 
5076 Kodulus (psi.) 253 141 166 123 197 115 239 146 210 
100% >:odulus (psi) 1049 567 599 484 816 483 772 541 1053 
Tensile Str. (psi.) 1764 1590 l&O 1530 1111 1059 1299 1310 1540 

42 
175 
959 

1575 
135 
_- 

E ($> 
#Tension Set(3Break) 

1. All batches stick 
strength. 

3 &. . Mini-Dic,(13 arc, 

145 183 160 185 125 147 145 172 3.20 
4 -_ 5 _- 6 .m.- 1 -- 3 

to mill rolls, split to both rolls, fai'i- green 

1'00 RPM) 

* Bis(8-hydroxyquinolate !Zinc)II -n also written as (8-HQ)2Zn elsewhere in 
this report, 
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TABLE II: 

PHYSICAL PROPER'l'IES OF O-RING STOCKS (CARBON BLACK 
REINFORCED-PEROXIDE CURE)(1432-2) 

Compound R190,264 ~190,265 R190,266 Rl90726~ Rl90726~ 

PNF (K-17217) 100 100 100 100 100 
FEF Black 25 25 15 20 25 
HT Black 15 
Austin Bl?ck 15 
Stan Hag ELC 6 6 6 6 6 
Ep,olene C-305-G 3 
Stabilizer" 1 1 1 1 
Dicup 40c 2 2 2 2 2 

t1i~l ,frocessin€!l Fair Fair-Good Fair Fair Fair 

Monsanto }<.heometer Cure 2 

@ 335~? 

Time to 2 pt. rise(nin.) 3.1 3·7 3.0 3.7 3.6 
Time to optimum cure (min.)12.1 12.5 11.5 14.5 11.7 
Hinimum :Lorque (ip) 6.9 7.1 6.1 7.3 7.1 
Naxim'..h":l Torque (ip) 14.9 13.8 13.8 14.5 14.8 
Cure Rate Index 11.1 11.4 :1.1.8 9.3 12.3 

Ql 370~F 
Time to 2 pt. rise{min.) 1.5 1.8 1.5 1.5 1.5 
Time to optimum cure(nin.)3.5 3.8 3.0 4.0 3.8 
Hinic1Ur:J. :Lorque (ip) 7.0 7.0 6.2 8.0 8.0 
NaximUD Torque (ip) 14.0 13.0· 12.5 14.2 14.9 
Cure ~te Index 50.0 50.0 66.7 40.0 43.5 

stress-Strain 
Press Cure (min.@:)F) 30';20 4/370 30/320 4/370 30/320 4/370 30/320 4/370 30/320 4/370 
post Cure (24 hr. @ 212:>F) 
10% Modulus (psi) 42 42 35 38 
5O?6 Nodulus (psi) 253 141 166 123 197 11,5 239 146 

100;:-6 };odulu5 (psi) 1049 567 599 481+ 816 483 772 541 
Tensile Str. (psi) 1764 1590 1610 1530 1111 1059 1299 1310 
E, (%) 145 183 . 160 18S 125 147 145 172 
CI°fT' • Set(@Break) 4 r; 6 1 iJ _ens~on ./ 

1. All batches stick to mill rolls, split to both roll.s, fair green 
strength. 

Hini-Die, (10 arc, 100 RHO ? 
~ .. 

210 . 
1053 
1540 
120 

3 

* Bis (8-hydroxyquinolate Zinc )11 -- also wri t.ten as (8-HQ)2Zn elsewhere in 
this report. 
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42 
175 
959 

1575 
135 



TABLE I I (CONTINUED) 

PHYSICAL PRO%RTI%S OF O-RING STOCKS . . (CARBON mm 
REINFOXXD-PEROXIDE CURX)(1432-2) 

Compouad ~190,264 

Aged Stress-Strain 
I_'ress Cure - 4XT370”F 
Post cure - 24 hr. ,3 212°F 

96 104 67 110 
96 90 82 
50 66 39 ;i 

y23& ?4oduius (psi) 
240 hr. v-Z 275°F’ 22 

120 

274 432 
331 301 
123 99 

2;: 
65 

381 
3007F 337 
350' lfio 

1037 1094 go4 
689 909 ;z; 

1183 
755 

205 342 176 3-87 
3OO.T 881 
350°F 308 

Tens22 Strength (psi> 
z&J LT. .? 2753F 1473 1456 1108 1261 1334 

1273 103G 801 1089 
488 625 302 523 

300°F 
3W'F _ 

(:‘.;}, Eh 

240 +, @ 275OF UQ 122 133 120 
165 107 135 137 
245 172 220 212 

155 
300=F 162 
35vr" 212 

7: Tezsjio:l Set(~', Break) 
240 ?z, .3 275°F 

3003F ; 
3503F 10 

10 
15 
21 

z z 
5 10 

2 
4 
5 

'rlydrzulic Fluid 
Mi.i-H-560&T- 
10% &lotiuluT(psi) 
240 hr. .1 73°F 50 

57 
44 38 43 
40 44 5o 

169 128 131 356 150 
146 88 123 137 116 

275'F 
_rB$i Kodulus (psi> 
'rn;IrT73?F 

275OF 
100% Modulus (psi) 
240 hr, ‘i 73°F 641 593 552 524 .. 764 

452 277 432 369 438 2'ZPF 
'%nsile Strength(mi) 
?-i?j?ir. ,S 73°F 

275'F 

;I&$ :j 73TF 
2757F 

1552 1388 1933 1385 1613 
1311 1046 1202 1001 1161 

172 id0 137 130 145 
207 ;FlO 167 205 182 

TABLE I I (CONTINUED { 

PHYSICAL PROPERI'IBS OF O-RING STOCKS (CARBON BLACK 
REINFORCED-PEROXIDE CURE)(1432-2) 

Com'Dound • RI90,264 Rl90,265 Rl90,266 Rl90,267 RI90,268 

Aged Stress-Strain 
Press Cure - ~, @ 370:->F 
Post Cure - 24 hr.'; 212 Cl F 

Air 
I6"'"% Nodul us ( psi) 
240 hr.··:2 275")F 

300 Cl F 
350"lF 

5036 Hodu1us (psi) 
240 hr. ':~ 275"F 

300?F 
350" 

100;6 ?-Iodulus (psi) 
221-0 hr. (~ 275" F 

300")F 
350?F 

Tensile Strength (psi) 
2li-o ::.:.:-. ~:; 275"F 

300°F 
350"F 

~, f-- i ) .t.b \. ;.; 
240;"'-. @ 275°F 

300?F 
350"F 

~ Te~3ion Set(@ Break) 
240 ~..:-.j 275°F 

300'JF 
35(PF 

Hydraulic Fluid 
Hil-H-5606-B 
10% Hoc.ulus (psi) 
240 hr •. :. 73°F 

275"F 
50% l<odulus (psi) 
240 hr:--T-73;F 

275°F 
100% Hodulus (psi) 
2/+0 hr. ..~ 73:-> F 

275:JF 
Tensile Strength(psi) 
21+0 h~. '12 73" F 

27.5°P 
E~ (?6) 
2 0' hr. ;J 73?F 

275°F 

96 
96 
50 

381 
337 
130 

1037 
881 
308 

1473 
1396 

646 

155 
162 
212 

6 
8 

10 

50 
57 

169 
146 

641 
452 

1552 
1311 

172 
207 

104 
90 
66 

366 
246 
120 

1094 
689 
205 

lL~56 
1273 

488 

130 
165 
245 

10 
15 
21 

44 
ItO 

128 
88 

593 
277 

1388 
1046 

160 
;:;10 

-/'2-

67 
82 
39 

274 
331 
123 

904 
909 
342 

1108 
1036 

625 

122 
107 
172 

5 
4 
5 

38 
44 

131 
123 

552 
432 

1033 
1202 

137 
167 

110 
91 
36 

432 
301 
99 

939 
583 
176 

1261 
801 
302 

133 
135 
220 

5 
5 

10 

43 
50 

156 
137 

524 
369 

1385 
1001 

180 
205 

99 
73 
29 

407 
268 

68 

1183 
755 
187 

1334 
1089 

523 

120 
137 
212 

2 
4 
.5 

40 
47 

150 
116 

764 
438 

1613 
1161 

145 
182 



Compound Rli90,264 

Aged Share A Hzmhess3 
UraaEed 46 
~ir:246 hr. e! 2’?5*F 49 
Hydraulic Fluid 

(Mil-H-5606-B) 
240 hr, d 73OF 45 
240 hr, d 275v 45 

XDW Temperature Properties3 
Gehman Torsion 
(ASTM-D- 1053) 
YeLlow Cord Wire 
Twist Angle @ 20°C 176 
T2 (*C) -25 
T5 ("C> -46 
TlOV'C) -50 
TIQO (ocj -58 
Freeze Point i°C) -64 

Youngs Modulus In Flexuse? 
(ASTM D-799) 
,Hodulus 
-5-ZbOC 

(pssi) 
603 

0 
-20 

It: 
-go 
-60 
-67 
YMI 
Recovery Q -2OOC 

7% 
937 
992 
1164 
2178 
I.0230 
58253 
-00 

I.071 

46 
50 

40 
35 

30 
44; 

69 

472 
-44 

I$ 
-62 
-66 

730 
1229 
l.lsOl 
1639 
2141 
3830 
11446 
48686 
-59 
1580 

R390,266 

43 
42 

4r 
39 

c, _ 
qd 

27 

975 
-38 
-50 
-53 
-60 
-65 

399 
4% 
557 
622 
';VO 
I.078 
5545 
39539 
-63 
n55 

Rlqo,267 R190,268 

44 
47 

47 
49 

43 46 
41 40 

21 28 
39 26 

92 63 

174 
-38 
-49 
-53 
-66 
-65 

172 
-47 
-52 

1;: 
-66 

462 411 
448 666 
673 694 
598 766 
828 1281 
J-394 1709 
8688 6944 
49897 42510 
-61 -63 
673 766 

3. &me cure conditions as for stress-&rain except press cur@ time 
doubled 8 370OF. 

4, Method B, 25% Deflection 

5* Also referred tu a~ Y~;i:unej~~ Bending Modulus in crther sections of this 

report, 

-73- 

TABLE II. (CON'rIN !JED 1 
PHYSICAL PHOPER'lTES OF C)...lUNG S'fOCr.s (CARBON BLACK 

REINFORCED~ PEROX IDE CURE) (14 32~2 ) 
-~--".-. ---~.-.--.~---.. --.--.-... -.----.----

Compound 

Aged Shore A Ha!dness3 
Unaged 
Air-240 hr. @ 275°F 
Hydraulic Fluid 

(Mil-H-5606-B) 
240 hr" @ 73°1" 
240 hr$ @ 275°F 

% Compression Set3,4 
(ASTM D-395 ) ~. 

R190 9 264 

46 
49 

45 
45 

Cylinder(70 hr~ @ 27.5°F) 31 
Plied Disks (" ")4t, 

Tear Strangth (Hu..~~! 
::IASTM D-6?9 ~ Die B 2 75 

Low Temperature Properties3 
Gehman Torsion 
(ASTM-D-1053) 
Yellow Cord Wire 
Twist Angle @ 20 0 C 1'76 
T2 COC) -25 
T5 (oc) -46 
T10(OC) -50 
T100 COC) -58 
Freeze Point (oc) -64 

Youngs Modulus In Flexure5 
(ASTM D-'197) 
Modulus (psi) 
@ 200 C 

o 
-20 
-30 
-40 
-50 
-60 
-67 
YMI 

Recovery @ -20°C 

603 
776 
937 
992 

1164 
2178 

10230 
58253 

-00 
1071 

Rl909 265 

46 
50 

40 
35 

69 

171 
-44 
-50 
-54 
~62 

-66 

790 
1229 
1301 
1639 
2141 
3830 

11446 
48686 

--59 
1580 

41 
39 

27 

176 
=38 
~50 

~53 

=60 
-65 

399 
490 
557 
622 
';'70 

1078 
5545 

39539 
-63 

1155 

Rl90,267 

44 
47 

43 
41 

21 
39 

92 

174 
-38 
-49 
-53 
~60 

-65 

462 
448 
673 
598 
828 

1390 
8688 

49897 
~61 

673 

Rl90,268 

47 
49 

46 
40 

28 
.26 

63 

172 
-47 
-52 
-55 
~62 

-66 

411 
666 
694 
766 

1281 
1709 
6944 

42510 
-63 
766 

3. Same cure conditions as for stress-strain except press cure time 
doubled @ 370oF~ 

L~~ Method B, 25% Def1edion 

5* Also referred to as Young's Bending Modulus in other sections of this 
reporL 



TABLE: II (CWTINUiZ3) 

?HYSICAL PEOPERTIES OF O-RING STGCKS (CARBON BLACK 
REINFORCE%-PEROXIDE CURE)(1432-2) 

Compound ~190,264. R190,265 

.<esistance to Hydraulic 3 

Tfuid (Eil-H-5606-B) (ASTM-D-471) 
A&Ted 240 hx.. d 73'F 
c i5 bit. Chmge -0.16 O-97 
,;.4 Vol. SitJell 0.20 2.47 
$ zxtracted 0.42 0.01 

;,yed 2hO hr. 3 275°F 
C', k; ';jt. Change -1.35 4.55 
,'? 321, Swell 0.17 1.30 
~6 Zxtracted 1.76 1.81 

171 1.81 

n190,266 - 

-0.26 -0.07 -0.09 
-0.30 -0.13 0.09 
0.40 0.31 0.32 

-1.55 0.01 -1.21 
1.70 2.58 0.76 
1.99 0.90 1.73 

"No Test, 
Too Soft" 

91 158 

RFD,267 RlgO, 268 

6. Test Rut on YM Samples, 

TABLE II (CONTINUED) 

PHYSICAL PROPERTIES OF O-RING STOCKS (CARBON BLACK 
REprrORCED-PEROXIDE CURE) (1432-2) 

Comnound Rl90,264 R190,265 R190,266 Rl90,26'Z Rl90!268 

Hesistance to H;t:draulic3 

Fluid tHil-H-5bOb-B) (ASTH-D-471) 
Aged 240 hr. 

., 73')F (:t 

56 \·;t. Change -0.16 0.97 -0.26 -0.07 -0.09 
;.; Vol. Si'!ell 0.20 2.47 -0.30 ':"0.13 0.09 
% Extracted 0.42 0.01 0.40 0.31 0.32 

}\ged 2l1-0 hr. (] 275°F 
~':J 1:/: .. Change -1.35 4.55 -1.55 0.01 -1.21 
5',; "]01. Swell 0.17 1.30 1.70 2.58 0.76 
56 Extracted 1.76 1.81 1.99 0.90 1.73 

6 
Abrasiye Index 171 181 "No Test, 91 158 
(AS'I'M D-1630) Too Soft" 

6. '!est Run on YMI Samples. 



TABLE III 

PHYSICAL PRUPER?XES OF O-RING STOCKS (SILICA 
REINFORCED-FEROXIDE cURE)(1432-2) M-D- 

Comnound R-190279 B-1902%0 ~-190281 ~-190282 R-19028: 

PI@ (K-17217) 
Silanox 101 
~L'u~o'x. 321-L 
Ci? Garb L 
Stan Nag ELC 
ZFolene C-305-G 
Stabilizer- 
Cicup 40C 

(%-HQ lZZn 

100 100 

25 25 
_- _- 
-- _- 

6 6 

100 

20 
20 

me 

1 
2.5 2.5 

6 
-- 
1 
2.25 

100 100 
20 25 
-- __ 
20 -- 
6 6 
-- -_ 
1 __ 
2-o 2.5 

Killing Processing 
1 

-- 

liIonsanto Rheometer Cure2 
w;y? 

, to 2 pt. rise (min,> 
Time to optimum cure (min.> 
klinimun Torque (ip) 
Maximum Torque (ip> 
Cure Rate Index 
8 37(J” 
‘zime “,s 2 pt. rise (min.> 
Time fz optimum cure (min.> 
Minim~_z Torque (ip) 
i&xim~- - Torque (ip) 
Cure Qsce Index _.-.._ 

Fair Fair Fair-Good Fair-Good Fair 

2.6 3.6 
15.3 16.0 
7.7 8.1 

21.8 18.0 
7.9 8.1 

Z 2.0 
8.6 

8.7 8.3 
19.8 16.1 
lg.6 15.2 

2:: 
9.6 

22-4 
10.2 

l-5 

;:;: 
20.6 
16.7 

Streks-Strain 
Press Cz-e (min. 2 OF) 3o/320 %/370 30/320 B/370 301'320 81'370 
Fast Cze (24 hr. 8 212'F) 
lO$ J~!ceulus (psi) 112 6% 105 67 109 65 
50% Nc~c?ulus (psi> 250 142 203 136 273 192 

lOO$ Modulus (psi) 808 332 596 286 862 592 
Tensile Strength (psi} 1680 1786 

":z 
1567 1820 1612 

Eb (PSI 140 205 210 155 170 
5; Tension Set (:3 Break) 12 13 13 1% 14 15 

ARed Stress-Strain 
Press Cure (min. (2 3703F) 8 8 8 
Post Cure (24 hr. @ 2X2'F) 
Air 
i?$ b?odulus (psi) 
240 hr. @ 275'F 123 120 133 ., 

309°F 124 117 119 
35o'F 116 153 130 

_- 

2.9 
21.3 
9.9 
25.8 
5.4 

2.6 

'$'T 
. 

201% 
8.8 

1.6 1.2 
18.3 13.4 
10.1 9.5 
24.0 22.5 
6.0 8.2 

133 94 h5 s 
485 256 28% 2~ 
1250 744 1154 5,' 
1429 1362 1646 141 
100 140 125 1: 
8 11 7 

1% 14 

142 XI.0 
143 110 
145 113 

2. All batches slightly sticky and split to both rolls, fair green strength. 

2. Mini-Die, 1' arc, 103 rpm. 
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TABLE I~I 

PHYSICAL PROPERTIES OF O-RING STOCKS (SILICA 
R}~INFO:RCED-PEROXIDE CURE) (1432-2) 

Compound 

FNP (K-17217) 
Si1anox 101 
Nulok 321-L 
i"jag Carb L 
Stnn Hag ELC 
Spolene C-305-G 
St2.bi1izer - C8-HQ)2Zn 
Dicup 40c 

Hilling Processing1 

l'fonsanto Rheometer Cure 2 

@ 335':): 
m" , ~ t " (" ) ~lme :0 c p • rlse mln. 
Time to optimum cure (min.) 
Hinimu:n Torque (ip) 
Haximur.l Torque (ip) 
Cure Rate Index 
/iJ 370"':-
rn" ...? t " (" ) ~lme ~= _ p • rlse mln. 
~ime ~= optimum cure (min.) 
Hinir:1'.l::: Torque (ip) 
Eaxim'.l:: Torque (ip) 
Cure F"'::'~e Index 

Stress-.3i:rain 

R-190279 

100 
25 

6 

1 
2.5 

Fair 

2.6 
15.3 
7.7 

21.8 
7.9 

1..7 
6.6 
8.7 

19.8 
19.6 

R-190280 

100 
25 

6 
3 
1 
2.5 

Fair 

3.6 
16.0 
8.1 

18.0 
8.1 

2.0 
8.6 
8.3 

16.1 
15.2 

R-190281 

100 
20 
20 

6 

1 
2.25 

Fair-Good 

3.0 
12.8 
9.6 

22.4 
10.2 

1.5 
7.5 
9.7 

20.6 
16.7 

R-190282 

100 
20 

20 
6 

1 
2.0 

Fair-Good 

2.9 
21.3 

9.9 
25.8 
5.4 

1.6 
18.3 
10.1 
24.0 
6 .. 0 

R-19028: 

100 
25 

6 

Fair 

2.6 
13.9 
8.1 

20.8 
8.8 

1.2 
13.4 
9.5 

22.5 
8.2 

Press ::>n-e (min. :;;Q of) 
POst C...:.:'e (24 hr. @ 212'F) 

30/320 8/370 30/320 8/370 30/320 8/370 30,06) J815l0 3<lxn 14137 

10~6 ~';OC:llUS (psi) 
50% Nodulus Cosi) 

100?6 Hodll1us (~si) 
Tensile Strength (psi) 
Eb (~6) 
5~ J.'ension Set (::2 Break) 

A~ed Stress-Strain 
P;ess Cure (min. @ 370?F) 
Fost Cure (24 hr. @ 212'F) 
Air m Hodu1us (psi) 
240 hr. @ 275?F 

300"F 
350"F 

112 68 
250 142 
808 332 

1680 1786 
140 205 
12 13 

8 

123 
124 
116 

105 
208 
596 

1742 
160 
15 

8 

120 
117 
153 

67 
136 
286 

1567 
210 
18 

109 
273 
862 

1820 
155 

14 

8 

133 
119 
130 

65 
192 
592 

1612 
170 
15 

133 
485 

1250 
1429 

100 
8 

18 

142 
143 
145 

94 
256 
744 

1362 
140 
11 

1. All batches slightly sticky and split to both rolls, fair green strength. 

2. Mini-Die, 1:> arc, 100 rpm. 
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115 
288 2C 

1154 5: 
1646 14~ 
125 1~ 

7 

14 

110 
110 
113 



Compound 

~ABTL~ 111 (CONTINUED) 

P?IPSICAL PROFERTIES OF O-RING STOCKS (SILICA 
REINFORCED-PZROXIDE CURE)(1432-2) 

Aged Stress-Strain (continued) 
50% Modulus (psi) 
xa hr. 2 275'7 

3OO:'F 
350°F 

300::F 
3,WQF 

Tensile Strength (Dsi> 
35 k. 3 275'F 

3007E 
350°F 

275'~ 

275°F 

275°F 
Zensile Strength (psi> 
243 hr. 2 73'7 

2757F 

Shore A Hardness 3 

R-190279 -Ic 

275"~ 

243 
323 
207 

223 
223 
223 

4To 
442 
305 

1749 
1366 
470 

358 
231 
257 

895 

Ei 

413 247 
391 221 
317 200 

:c 
370 

1605 
1435 
999 

197 
175 
220 

556 

53:; 

1667 
1491' 
927 

13 
,?3 
_- 

217 
215 
205 

18 
32 
_- 

l?73 
1365 
?83 

172 
190 
205 

l5 
19 
-_ 

1100 

2; 

1434 
1353 
971 

=3 
135 
165 

11 
15 
14 

175 
168 
180 

15 
15. 
19 

84 
94 

155 
168 

399 
353 

1761 
1426 

180 
220 

2:: 

127 
127 

280 
272 

1519 
862 

185 
180 

78 
97 

204 
217 

632 
533 

1820 
1466 

162 
193 

. . 

9l 69 
107 97 

232 146 
275 199 

683 442 
772 503 

1486 1595 
1292 1591 

157 160 
143 175 

61 58 61 65 60 

64 62 62 69 64 

57 
TG 

56 
58 

~-19028~ ~-1~0281 ~-190282 R-19028 

3. Same cure conditions as stress-strain except press cure tim d 370'F was doubled. 
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TABLE III (CONTINUED) 

FrlYSICAL PROPERTIES OF O-RING STOCKS (SILICA 
REINFORCED-PEROXIDE CURE)(1432-2) 

Compound R-190279 R-19028~ R-190281 R-190282 R-19028 

Aged Stress-Strain (continued) 
50~6 Hodulus (usi ~ 
240 hr. .:jJ 275'F 243 223 358 413 247 

300'F 323 223 231 391 221 
350)F 207 223 257 317 200 

loO~6 I,jodu1us (Dsi) 
21+0 hr. @ 275-)~ 530 450 895 1100 556 

300~)F 744 442 500 945 537 
350°F 370 305 441 609 378 

Tensile Strength (usi) 
240 r..r. d 275')F 1606 1749 1773 1434 1667 

300'1F 1435 1366 1365 1353 1491 . 
350°F 999 470 783 971 927 

!:;Jl C%) 
2+0 h:-. ':;: 275'F 197 217 172 123 175 

300')F 175 215 190 135 168 
350'F 220 205 205 165 180 

;~ Tensi.:>:l Set 
240 l::-. - ?r.c')-. 

.j _ (:/ .l< 13 18 15 11 15 
300'1F 23 32 19 15 15 
35:J'1F 14 19 

rl~TU~~-~l.C Flu.id 
j:;j.l-r:- .-:606-3 
J.O;'j ~::::::'·..:lus (usi) 
240 hr. 

~.-

84 67 78 69 oj 77..")1=f1 91 ./ ~ 

275'F 9'+ 67 97 107 97 
50% Eo::'.:.lu3 (usi) • 240 hr. ~ 73')? 156 127 204 232 146 

275')F 168 127 217 275 199 
1007& ;·:odu1us (psi) 
2lfo hr. :~ 7YF 399 280 632 683 442 

275:"JF 353 272 533 772 503 
Tensile Strenf;:th (psi) 
21tO hr. .-, 73'JF 1761 1519 1820 1486 1595 d 

275')F 1626 862 1466 1292 1591 
r"'b (%) 
240 hr. :~~ 73'F 180 185 162 157 160 

2'7'::;")1;' _, / .J., 220 180 193 Ill-3 175 

Shore A Hardness3 
Unaged 61 58 61 65 60 
.<i.!Z"ed in Air 
240 hr. Q 275')F 64 62 62 69 64 
In Hydraulic Fluid 
U-iil-H-5b06-3) . 
240 hr. tG2 7~:.)H' 

./ .J; 57 55 53 62 56 
275'"'F 56 44 58 64- 58 

3. Same cure conditions as stress-strain except press cure ti.ne C 370~F was doubled. 
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Compoutnd R-190279 R-190280 R-190281 ~-190282 ~-190283 

TABLE III (CONTINUED) 

PHYSICAL PROPERTIES OF O-RING STOCKS (SILICA 
REINFORCED-PEROXIDE CURE) (1432-2) 

% Compression Set3s4 
(ASTM D-395) 
Cylinder (70 hr. @ 275OF) 
Plied (70 hr, @ 275OF) 

Tear Strength (ppi) B 73"F3 
(ASTM D-639, Die B) 

Low Temp, Properties3 
Gehman Torsion 
(ASTM D-1053: 
Yellow Cord Wire 
Twist Angle @ 20°C 

T2 (ocj 

T5 (oc) 
T10 ("C> 
TlOO ("C> 
Freeze Point (OC) 

Youngs Modulus in Flexure 
(ASTM b797) 
Modulus (psi> 
% 20°C 

ooc 
-2ooc 
-3ow 
-4ooc 
-50% 
-60°C 
-67oc 
YMI"C 
Recovery @ -2OoC 

69 54 54 
76 64 62 

76 86 93 95 68 

163 

1:; 
-48 
-62 
-65 

168 
-31 
-44 
-49 
-62 
-65 

II-68 
-33 
-42 
-46 

1;; 

1335 1008 
1880 1680 
2496 2232 
3324 2778 
4432 3820 
7388 6721 
16855 16371 
91021 91681 
-55 -56 
2784 2500 

1143 
1559 
2129 
2744 
4042 
6431 
16769 

"';z 
2286 

1147 
1622 
2215 

E;; 
7695 
19629 
67300 
-54 
3059 

681 
1362 
1702 
2189 
3192 
5532 
14982 
44947 
-57 
1964 

Resistance to Hydraulic Fluid3 
Mil-H-5606-B) ASTM-D-471) 
Aged 240 hr. @ 73OF 
% Wt, Change 0,76 
% Volume Swell lo69 
% Extracted -- 
Aged 240 hr, @ 275OF 
$ Wt. Change -0.52 
% Volume Swell 2064 
% Extracted 1.42 

Abrasive Index5 (ASTM ~-1630) 75 

4. Method B, 25% Deflection, 

5. Test run on YMI samples, 

0.43 
1.49 
-- 

9097 
26,15 
-6.49 

146 

-770 

O-00 
0.34 
OP 

o*oo 
0.21 
_- 

0.00 
0.15 
-- 

-0.08 -0,20 -0.31 
2.48 1093 2.53 
0,82 O-92 1.08 

61 32 96 

TABLE III (CONTINUED) 

PHYSICAL PROPERTIES OF O-RING STOCKS (SILICA 
REINFORCED-PEROXIDE CURE) (1432-2) 

Com;eound R-190279 R-190280 R-I90281 R-I90282 R-190283 

% ComEression Set3 ,4 
~ASTM D-325 ) 
Cylinder (70 hr. @ 275°F) 60 59 69 54 54 
Plied (70 hr. @ 275°F) 62 67 76 64 62 

Tear Strensth (ppi) @ 73°F3 
~ASTM D-b39i Die B~ 76 86 93 95 68 

Low TemE. ProEerties3 
Gehman Torsion 
(ASTM D--1053 ~ 
Yellow Cord Wire 
Twist Angle @ 20°C 163 168 168 163 162 
T2 COC) -35 -31 -33 -36 -39 
T5 (oC) -43 -44 -42 -43 -46 
TI0 (oC) -48 -49 -46 -47 -50 
TI00 COC) -62 -62 -58 -58 -61 
Freeze Point (oC) -65 -65 -64 -62 -62 

Younss Modulus in Flexure 
~ASTM D-797) 
Modulus ~Esi) 
@ 20°C 1335 1008 1143 1147 681 

OOC 1880 1680 1559 1622 1362 
-20°C 2496 2232 2129 2215 1702 
-30°C 3324 2778 2744 2855 2189 
-40°C 4432 3820 4042 4282 3192 
-50°C 7388 6721 6431 7695 5532 
-60°C 16855 16371 16769 19629 14982 
-67°C 91021 91681 90556 67300 44947 
YMIoe -55 -56 -56 -54 -57 

Recovery @ -20°C 2784 2500 2286 3059 1964 

Resistance to Hldrau1ic Fluid3 
Mil-H-5bOb-B5 ASTM-D-47l~ 
Aged 240 hr. @ 73°F 
%wt" Change 0 .. 76 0.43 0.00 0 .. 00 0.00 
% Volume Swell 1.69 1.49 0.34 0.21 0.15 
% Extracted 
Aged 240 hro @ 275°F 
Clit. Change -0.52 9 .. 97 -0.08 -0.20 -0.31 
% Volume Swell 2064 26015 2.48 1093 2.53 
% Extracted 1.42 -6.49 0 .. 82 0.92 1.08 

Abrasive Index5 (ASTM D-1630) 75 146 61 32 96 

4. Method B, 25% Deflectiono 

50 Test run on YMI sampleso 
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TABL?3 IV. 

COMPOUNDING STUDIES TO IMPROL: 

. 

MILL PROCESSING 
AND HARDNESS OF 0-RINO S'KXXS 

Conuound R-X91- 

K-17217 
ic? Sirck 
Graphite (Superior 503%) 
Quso \II'~ 82 
P!istron Vapor 
AC Fofyethylens 
Stabilfzer -'(8-~~>22n 
CIIem TZnk 30 
Stan ?bg 3-X . 
Dicup 402 

Monsazro ?&eonet er Cure (2 ) 
@ 335” 

Time ~-0 2 pt. Rise (min.> 

. 

Tine t0 Optimum Cure (min.1 
>iir,i=-x Torque (ip) 
l-kiXiL.22 Torque (ip) - 
Cure %te index 

Q 37C77 

Time 53 2 Dt. Rise (min..> 
Time to Op;inum Cure (min.1 
Mink-s Torque (ip) 
Maxim-cz Torque (ip> 
Cure 3ate Index 

920 

loo 

25 
-_ 
__ 
we 

we 

i 

3 

Fair 

l-5 

1x 
21:o 
a.4 

0.8 
5-o 
7.0 

20.9 
23.8 

Stress-Strain 

(Press cure -. 30 mine Q 32OOFj 
(Post Cure - 24 hr, @ 2LZF) 
10% M (psi> 43 
50% M (psi) - 289 
XXI% 1.; (psi.) 
Tensile Strength (psi‘; GG 
r fk%s) 
&ension set (Q T.3real-c) 

?A 
2 

pJ 

loo 

25 
__ 
we 

__ 

5 
1 

3 
6 
3 

Fair- 
Good 

1::?i 
5.9 
19.7 
7.0 

144 
546 
1505 
1549 
108 
10 

E 92$ 

100 100 
25 25 
15 _- 
-_ __ 
_- 15 
me _- 
1 1 
Wm. _- 
6 6 
3 3 

Fair Fair 

2-5 
11.8 
8.5 

22.0 
7.0 

t:; 
10.5 
25.8 
28.6 

166 
921 

1499 
$0 
6 

. . 

3.0 l-9 
10.8 23.8 
8.6 7-5 

21.0 27.2 
32.8 4.6 

::: 
13.8 
24.0 
43.5 

86 
368 
996 

1601 
167 
15 

. 

924 

loo 
we 

se 

25 

1 
__ 
6 
3 

Fair 

0.8 
14.6 
10.0 
30.8 
7.2 

TABLE IV. 

COMPOUNDING STUDIES TO IMPRO\~ MILL PROCESSING 
AND HARDNESS OF . O-RING STOCKS 

ComDound R-191-

K-17217 
FE? Black 
Graphite (Superior 5033X) 
Quso iG 82 
Histron Vapor 
AC Polyethylene 
Stabilizer -'(8-HQ)2Zn 
Chern Link 30 
Stan ~~ag ELC 
Dicup 40c 

v-ll ~ - (1) .-,1 ::r-occss1nz 

Monsa~to Rheometer Cure(2) 

@ 335~? 
Time ~o 2 pt. Rise (min.) 
Time ~o Optimum Cure (min.) 
Nini.:::.:.:.1 'I'orque (ip) 
}hxi=~ Torque (ip) 
Cure ?..a.te II!dex 

@ 370":-
Time ~~ 2 pt. Rise (min.) 
Time ~o Optimum Cure (min.) 
Minirw~ Torque (ip) 
}~xi~~ Torque (ip) 
Cure Rate Index 

Stress-Strain 

(Press Cure -- 30 min. @ 320°F) 
(Post Cure - 24 hr~ @ 212°F) . 
10% H (psi) 
50% M (psi) 
100% ?-i (psi) 
Tensile Strength (psi) 
~ (%) 
% Tension Set (@ Break) 

_____ •. ___ c __ ~._._. __ 

920 

100 
25 

1 
3 
6 
3 

Fair 

1.5 
13.3 

6.4 
21.0 
8.4 

0.8 
5.0 
7.0 

20.9 
23.8 

43 
. 289 

684 
f.6 

2 

921 

100 
25 

5 
1 
3 
6 
3 

Fair
Good 

1.5 
15.8 
5.9 

19.7 
7.0 

0.8 
4.3 
8.5 

21.8 
28.6 

144 
546 

1505 
1549 
108 
10 

922 

100 
25 
15 

1 

6 
3 

Fair 

2.5 
11.8 
8.5 

22.0 
7.0 

1.0 
4.5 

10.5 
25.8 
28.6 

166 
921 

1489 
80 
6 

923 

100 
25 

15 

1 

6 
3 

Fair 

3.0 
10.8 
8.6 

21.0 
12.8 

1.2 
3.5 

13.8 
24.0 
43.5 

86 
368 
996 

1601 
167 
15 

924 

100 

25 

1 

6 
3 

Fair 

1.9 
23.8 
7.5 

27.2 
4.6 

0.8 
14.6 
10.0 
30.8 
7.2 

97 
688 

1161 
70 
4 

(1) All batcx\€>s ')j',-~ hlJebt1? 6'-l';,~y nnd split to bot.h rolls; fair green strength. 

(2) 't-~.n:' D:Lc;; 1-:' P.rD ~ :; ((I 'L?}L 
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TAB= IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-1911 

Ased Stress-Strain 

Press Cure (min. Q 370°F) 
Post Cure (24 hr. @ 212OF) 

10% M (psi> (Unaged) 

240 hr. Cl 2755F (air) 
II @ 303F " 

>x* Q If 11 I’ ’ 

lOoa hr. 8 ' " ' 
240 hr. Q 35wF " 
672 fir-, 8 " " 1' 
1000 hr. Q " " 

" (3) 240 hr. Q 73°F (IZF) 
'1 ' 8 275=F " 

3% ?! (psi) (Unaged) 

240 -L-", S 275OF (A:r) 
m 333000F 

6;2 k7- Q 't 1' I' 
1ooo -;: Q It 'I t1 

240 -r-e @ 35O3F ' 
672 kr, Q l1 l' " 
1000 'p, 8 '1 '1 " 
240 k. Q 73°F (HF) 

If ” 6 275OF " 

100% M (psi> (Unaged) 

240 hr. @ 275OF'(Air) 
\ Q 300°F " 

6;2 L_ @ 'I I' I' 

loo0 hr. 8 " " " 
240 hr. Q 350°F " 
672 hr. B It " 'l 
loo0 &, @ I' 1t 11 

240 hr. Q 73°F (IiF) 
lf 

u Q 275OF 'I 

'920 

5' 

145 

1:; 
135 
91 

131 

g 
93 
lo3 

655 

423 
669 
566 
326 
377 
154 
111 
508 
446 

-.m 

1388 
-- 

626 
815 
271 
184 
-- 

115 

(3) Hydraulic Fluid Mil H-5606-C. 

5 

152 

116 
162 
139 
120 
151 
177 
119 
107 
113 

461 

333 
439 
320 
245 
283 
_- 

38; 
387 

1151 

891 
1014 
655 
482 
505 
me 
_- 

1054 
1018 

-79- 

5 

221 

110 
211 
213 
132 
'191 

;: 
157 
149 

624 

495 
594 
534 
413 
423 
194 
152 
555 
476 

1118 

908 
980 

661 
647 
267 
191 
1082 
866 

. 

4 

189 

184 
179 
159 
124 
187 
86 
67 
125 
121 

561 

580 

:z 
361 
404 
158 
98 

487 
422 

1047 

;;c 
717 
602 
589 
205 
113 
1018 

‘. 801 

15 

195 

$2 
141 
123 
190 
182 
236 
63 
59 

935 

806 l ’ 
1034 
668 
617 
881 
324 
343 
399 
336 

-- 
_- 
me 

- 1097 
_- 
we 

__ 

-- 

1056 

TABLE IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-191- ·920 921 922 92~ 924 -
Ased Stress-Strain 

Press Cure (min. @ 370°F) 
Post Cure (24 hr. @ 212°F) 

5 5 5 4 15 

10% M (psi) (Una5cd) 145 152 221 189 195 
240 hr. @ 275~F (Air) 93 116 110 184 170 
" " @ 3000 F " 168 162 211 179 208 

672 hr. ~ " " " 
\ 135 139 213 159 141 

1000 h=. (j " tI " 91 120 132 124 123 
240 h='. @ 350°F " 131 151 ·191 187 190 
672 1-:. @ " If " 71 177 91 86 182 

1000 hr. @ " " " 36 119 75 67 236 
240 hr. G 730F (HF)(3) 93 107 157 125 63 
" ft @ 275:)F " 103 113 149 121 59 

50% ~ (nsi) (Unased) 655 461 624 561 935 
240 =. @ 275°F (Air) 423 333 495 580 806 . 
" ff @ 300°F " 669 439 594 554 1034 

672 hr. @ " " " 566 320 534 461 668 
1000 h=. Q " " " 326 245 413 361 617 

240 =. @ 350°F " 377 283 423 404 881 
672 r..:-. @ " " " 154 194 158 324 

1000 h=. @ " " " 111 152 98 343 
240 '(I:. @ 73°F (HF) .508 381 555 487 399 

If n @ 275°F " 446 387 476 422 336 

100% M (nsi) (Unaged) 1151 1118 1047 
240 hr. @ 275°F· (Air) 1388 891 908 979 
" " @ 300°F " 1014 980 914 

672 hr. @ II " rr 655 717 
1000 hr. @ " " " 626 482 661 602 '1097 
240 hr. @ 350°F " 815 505 647 589 
672 hr. @ rr " It 271 267 205 

1000 hr. @ " " " 184 191 113 
240 hr. @ 73°F (HF) 1054 1082 1018 
" " @ 275°F " 115 1018 866 Sol 1056 

(3) Hydraulic Fluid Mil H-5606-c. 
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TABLE IV CCONTIN~W 

COWCXJNDING STUDIES TO IMPROVE MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-191- 920 

Aged Stress-Strain (contd.1 

Tensile Strength (psi) (Unaged) 
1454 

240 hr. Q 2753~ (Air) 

s ($1 (Una,-ed) 

240 hr, Q 275OF (Air) 

6;2 

0 @ 3(-J-J3F 1) 
F-__ 8 I1 II 11 

low eLI* Q II 11 11 

240 kz, Q 350°F " 
672 2, Q II 11 II 

1000 :-,-. Q I' " '1 
240 t--. Q 73°F (HI?) 
I! n Q 275~~ 11 

1413 
1303 
1295 
626 
864 
327 
236 
1377 
1317 

80 112 110 

100 135 130 
90 120 lo7 

100 140 go 
125 170 150 
110 147 113 
145 40 145 
170 37 130 
97 110 112 
112 117 133 

Shore A Hardness (Unaged) (4) . 61 

24.0 hr. @ 2753F (Air) 
11 17 @ 300°F " 
If If G 3503F t' 
19 v 8 73°F @Ii?) (3) 

11 11 Q 275°F If 

64 

1244 1140 
1212 lo89 
1178 994 
871 803 
855 768 
665 671 
189 311 
124 200 
1124 1155 
1174 lo43 

7 

15 
13 
12 
20 
21 
18 
16 

5 

10 

15 
11 
11 
14 

. 14 
27 
25 
9 
1 

67 

70 

iii 
65 
56 

.923 924 

1204 
1074 
1023 

&ii 
611 
221 
120 
1313 
1127 

1065 
1124 
1216 
lloo' 
1097 
1089 
431 
368 . 
1120 
1029 

130 

125 
137 
115 
135 
132 
130 
150 
145 
1.80 

60 

z: 
85 
mo 
67 
85 

87: 
100 

63 
. . 

68 

zy 

iii 

61 

:; 
65 
63 
62 

(4) X-3.91,920, 921 and 922: Press Cure - 10' Q 370°F, Post Cure 2 24 hr. @ 2120F 
R-191.,923: Press Cure - 8' 0 370"F, Post Cure - 24 hr, d 212OF 
R-191,924: Presls Cure -30' Q 3700F, Post Cure - 24 hr. Q 212OF 

-8o- . 

TABLE IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-191- 920 921 922 _ 923 924 

Aged Stress-Strain (contd.) 

Tensile Strength (psi) (Unaged) 
1454 1244 1140 l204 1065 

240 hr. o 275?F (Air) 1413 1212 1089 1074 1124 
II " @ 300°F " 1303 1178 994 1023 1216 

672 'hr. Ql " " " 1295 871 803 761 1100' 
1000 hr. C] " " n 626 855 768 684 1097 
240 hr. @ 350°F " 864 665 671 611 1089 
672 hr. @ " " " 327 189 311 221 431 

1000 hr. @ " " " 236 124 200 120 368 
240 r...:-. @ 73°F' (HF) 1377 1124 1155 1313 1120 .. tI (] 275°F " 1317 11~4 1043 1127 1029 

Eb (%) (UnR~ed) 80 112 110 130 60 

240 hr. @ 275°F (Air) 100 135 130 125 70 
II " @ 300°F " 90 120 107 137 62 

672 =_ @ 11 " II 100 140 90 115 85 
1000 =. @ II " " 125 170 150 135 100 

240 !:=". @ 350°F If 110 147 113 132 67 
672 !:.=-. @ " 11 " 145 40 145 130 85 

1000 !-'.=. @ " " " 170 37 130 150 72 
240 =_ Q 73°F (RF) 97 110 112 145 87 

I! M @ 275°F II 112 117 133 180 100 

% Te~s~on Set (@ Break)(Unaged) 3 7 - 10 22 3 
240 r...:-. @ 275°F (Air) 6 15 15 17 5 
" II @ 300°F II 3 13 11 19 5 

672 r...:-. @ " " " 3 12 11 19 7 
1000 hr. @ " ", " 4 20 14 21 7 

240 r...r. @ 350°F " 4 21 14 19 6 
672 hr. @ " " " 20 18 27 53 37 

1000 hr. @ " " " 32 16 25 53 37 
240 hr. © 73"P (HF) 2 5 9 21 5 
" " @ 275°F " 2 3 1 20 6 

Shore A Hardness (Unaged) (4) 61 67 63 63 61 
240 hr. @ 275°F (Air) 62 70 70 68 66 
" " @ 300'>F " 65 70 70 70 67 
" JF @ 350'>F 1/ 64 68 65 67 65 
" " @ 73°F (HF)(3) 61 65 62 62 63 
II " @ 275"F II 60 56 63 64 62 

(4) R-191,920, 921 and 922: Presa Cure - 10' @ 370°F, Post Cure ~ 24 hr. @ 212°F 
R-191-, 923: Presa Cure - 8' @ 370°F, Poat Cure - 24 hr. @ 212°F 
R-191,924: Preaa Cure -30' @ 370°F, Post Cure - 24 hr. @ 212°F 
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mBm Iv (CONTINUED) 

COMPOWDING STUDIES TO IifPROv2 MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

CoinDound R-191- 

% Coznression Set(4'5) 
wiz d 2753F) 
Cylinders 
Plied Disks 

Tear Strength (npi) (4) 

(ASIX D-369, Die il) 

Abrasive Index 
(AS= D-163c)) 

iow fezserature Properties 
(4) 

Ge?xan Torsion 
(ASTX z-1053) 
Black Torsion Wire 
Isooctaze Coolant 
Twist _:3gle B 73V (Deg.) 
T 
,2 

Y>C) . 
?C) 

;T*'!QC, 

Youcz5’ Kodulus in Flexure 
x&?? z-797) 
&du’; -* - ,-a (psi) 8: 

20-z 
G=C 

-23% 
-32j3C 

i -4WC 
-Y'C 
-6O'C 
-67°C 
WI oc 
Recovery 

(5) ASTM D-395, Method B, 25% Deflection, cisks cut Fran 6" x 6" x 0.075" Slab. 

q22 9?3. 

11 
15 

19 
22 :: 

60 80 68 104 32 

58 63 43 28 42 

140 154 
-23 -38 
-44 -47 
-51 -52 
-64 -62 
-64 -62 

148' 
-28 

. -46 - 

1:; 

-62 

878 1938 1533 
1120 2763 1703 
1312 3807 1796 
1397 4619 1982 

1934 6822 .2653 
2888 8528 5366 
9582 16174 ~776 

59z T "'-"z 
1312 4441 1854 

-. 

153 
-34 
-46 

:z; 
-63 

1397 
1787 
2148 
2606 

;;z 
15858 
98320 

2;;;. 

933 
1015 
11% 
3278 
1917 
3486 
wx5 

g2z 
llgo 

. 

(61 Test Run on YPZ Specimens, 

TABLE IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE fULL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-19l- 920 921 922 923 924 

% C . S t(4,5) 
I' Oi7lnreSSl.on e 
"(70 h~ ~ 275°F) -
Cylinders 13 11 19 35 15 
Plied Disks 34 15 22 45 31 

Tea~ Strensth (PEi)(4) 
CISi'M D-369t Die B) 60 80 68 104 32 

. (4)(6) Ab:-asl.ve Index 
(AS'.iJ1 D-1630) 58 63 43 28 42 

Low ~emDe~ature Properties(4) 

Gehr.a::: Torsion 
(AST:-i D-1053) 
Black To:-sion \vire 
Isooct~.e Coolant 
Twist ~~.gle @ 73°F (Deg.) ·.154 140 154 148 153 ,., :.,c) -39 -23 -38 -28 -34 J.? 

r:"1'- /'':)n) -46 -44 . -47 -46 -46 ..l~ '.. I..i 

'.i'~o (ClC) -50 . -51 -52 -51 -53 
:s.c-J (OC). -61 -64 -62 -62 -63 
l':-e-:::e POl.nt ("C) -60 -64 -62 -62 -63 

Youn;;:s' Modulus in Flexure 
TAs'D: :;"797) 
}rodu~:!s (psi) @: 

20=':: 878 1938 1533 1397 933 
O'JC 1120 2763 1703 1787 1015 

-20°C 1312 3807 1796 2148 1190 
-3(PC 1397 4619 1982 2606 1278 
-40°c 1934 6822 .2653 3591 1917 
-5(PC 2888 8528 5366 5586 3486 
-60°c 9582 16174 12776 15858 11505 
-67°C 59575 ,58633 67459 98320 92044 
11{I °C -61 -.54 -58 -57 -60 
Recovery 1312 4441 1854 2539 1190 

(5) ASTH D-395. Method B, 25% Deflection, Disks Cut From 6" x 6ft X 0.075'1 Slab. 

(6) Test lliL~ on y}IT Specimens. 
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Compound R-191.. 

TABLE IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROV-Z MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Resistance to Hydraulic Fluid 
?ASTM D-471) 
(?!il-&5606-C) 
240 hr. Q 73°F 

% Wt. Change -0.16 0.36 -0.11 0.13 
% Vol. SwelZ 0.26 1.19 4 0.32 0.67 
% Ekt;_ected 0.30 0.23 0.36 0.36 

222 923, 

-0.70 -0.36 -0.6~. -0.35. 
0.83 I$$+ 2.18 1.31 l-73 
1.17 1.72 0.74 0.85 0.66 

-0.10 
0.67 
0.X 

-82- 
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TABLE IV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE MILL PROCESSING 
AND HARDNESS OF O-RING STOCKS 

Compound R-191- 920 921 922 923 924--
Resistance to Hldraulic Fluid 
(ASTM D-471) 
(Ni1-H-5606-C) 
240 hr. @ 73°F 

% \~t. Change -0.16 0.36 -0.11 0.13 -0.10 
% Vol. Swell 0.26 1.19 • 0.32 0.67 0.67 
% Extracted 0.30 0.23 0.36 0.36 0.30 

240 hr. @ 275°F 

% \It. C'nfh"l.ge -0.70 2.90 -0.36 -0.61 -0.35· 
% Vol. Swell 0.83 12.74 2.18 1.31 1.73 
% Extracted 1.17 1.72 0.74 0.85 0.66 

. \ 

-82-



TABLE V 

, 

O-RIKG STOCKS SUBMITTED 
TO PARKER SEAL FOR EVALUATION 

Compound R-1(31- 941 

K-17217 100 
FIX Black 20 
Austin Black 20 
@so WR 82 _- 

Stan Pag ELC 6 

Stabilizer - (8-~~)2zn 1 
I&UP 4OC 2.5 

>:ill_ Processing (1) Fair 

Eznsnnto Rheometer Cure 
(2) 

5%~ to 2 pt, Rise (min.1 3.0 
‘;‘-ins to Optimm Cure (min,) 10.8 
Minuxlii! Torque (IpI 8.2 
tP,?xiriiun Torque (ip) ’ 16.8 

Cure 3ate Index 12.8 

sT<ze to 2 pt. Rise (min.) 
Z 

1.3 . 

Time to Optimum Cure (min.1 8.3 
I",inimun Torque (ip> 9.2 8.0 
&Am-azz Torque (ip) 17.0 21.3 
Cure Rate Index 40.0 14.2 

Stress-Strain 

Ress Cure (6 min. Q 37b°F) 
?ost Cure (24 hr. Q 21Z°F) 
XC% E (psi) 109 
50% M (psi) 484 
XXI% M (psi) 1120 
Tensile Strength (psi) 1191 
Eb t% 110 
56 Tension Set (Q Break) 3 

100 
-_ 
VW 

25 

Fair 

2.0 
12.3 

7.8 
21.0 
9.7 

115 
55C 
I_ 

I-272 

.?y 

(1) Both st oc k s stick to mill rolls and split to both rolls, fair 

green strength. 

(2) Mini-Die, I.3 Arc, 3.00 RPM, 

-83- . 

TABLE V . 
O-RING STOCKS SUBMITTED 

TO PARKER SEAL FOR EVALUATION 

Comnound R-191-• 

K-17217 
FEF Black 
Austin Black 
Quso \vR 82 
Stan Hag Etc 
Str.bi1izer - (B-HQ)2Zn 
Dicup 400 

'U'il C't • (1) !'.:t_ rrocess~ng 

i-;onsanto Rheometer Cure (2) 

~iQe to 2 pt. Rise (min.) 
?ine to Optihlum Cure (min.) 
Minimuhl Torque (ip) 
!'",'1ximur.1 Torque (ip) 
Cure Rate Index 

@ 3700 F 

?i=.e to 2 pt. Rise (min.) 
Tine to Optimuo Cure (min.) 
Minimum Torque (ip) 
}~xim~~ Torque (ip) 
Cure Rate Index 

St::::-ess-Strain 

Press Cure (6 min. @ 370~F) 
Post Cure (24 hr. @ 212°F) 
10% M (psi) 
5<)% 11 (psi) 
100% N (psi) 
Tensile Strength (psi) 
Eb (56) 
% Tension Set (@ Break) 

941 

100 
20 
20 

6 
1 
2.5 

Fair 

3.0 
10.8 
B.2 

16.8 
12.8 

1.5 
4.0 
9.2 

17.0 
40.0 

109 
484 

1120 
1191 

110 
3 

959 

100 

25 
6 
1 
2.0 

Fair 

2.0 
12.3 
7.8 

21.0 
9.7 

1.3 
8.3 
8.0 

21.3 
11+ .. 2 

115 
550 

1272 
90 
"3 

(1) Both stocks stick to mill rolls and split to both rolls. fair 
green strength. 

(2) Mini-Die, 10 Arc, 100 RPM. 
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TABLF: v (CONTINUED) 

O-RING STOCKS SUEMITTED 
To PARKER SEAL FOR EVALUATION 

. 
Compound R-191- .& 

Aged Stress-Strain 

Press Cure (min. 8 370°F) 
Post Cure (24 hr. 8 212OF) 

10% K (psi> (Unaged) 

240 hr. @ 275°F (Air) 
I’ ” 8 30°F " 
9’ 11 Q 350°F " 

Hydraulic Fluid Mil-Hy 
240 hr. @ 275OF 
480 hr. S It ‘I 
672 hr. Q " " 

1CCQ hr. Q " " 

50% M (psi) (Unaged) 

240 hr. @ 275°F (Air) 
‘1 ” Q 300°F " 
II l' 8 350°F " 

Hydraulic Fluid 
240 hr. @ 275°F . 
480 hr. 8 " " 
672 hr. Q f1 f1 

loo0 hr. @ " " 

100% H (psi) (Unaged) 

\ 240 hr. Q 275°F (Air) 
I’ 11 Q 300°F " 
II ” 6 350°F " 

Hydraulic Fluid 
240 hr. 8 275*F 
480 hr. @ " " 
672 hr. @ 1' *I 

. 
1000 hr, Q " " 

6 

__ 

162 
125 

&oc 

;;: 
66 
53 

423 

668 
440 
134 

376 
302 
217 
178 

910 

8;; 
215 

i!;; 
420 

367 

-84- 

222 

10 

__ 

. 135 
127 
108 

83282 
57 
-64 84 

;z 58 76 57 64 

.’ 400 

643 
623 
396 

298 
272 
282 
183 

353 482 
423 306 

z4" 
'292 
230 

1295 

712 1091 __ 
607 1205 1011 
590 984 865 
393 737 710 

. 

TABLE V (CONTINUED) 

O-RING STOCKS SU13I"fITTED 
TO PARKER SEAL FOR EVALUATION 

Comnound R-191-. . 941 959 

Aged Stress-Strain 

Press Cure (min. @ 370°F) 6 10 
Post Cure (24 hr. @ 212°F) 

10% M (Esi) (Unaged) 

240 hr. @ 275°F (Air) 162 135 
" " @ 300°F 11 125 127 
II " @ 350°F " 60 108 

Hydraulic Fluid Mi1-H- 2606- C 83282 260t c 832g~-
240 hr. @ 275°F 77 57 
480 hr. @ tI fI 79 64 84 65 
672 hr. @ " " 66 75 76 64-

1000 hr. @ tf " 53 55 58 57 

.50% H (psi) (Unas:ed) 423 400 

240 hr. @ 275':lF (Air) 668 643 
" " @ 3000 F " 440 623 
" II @ 3500 F " 134 396 

Hydraulic Fluid 
240 hr. @ 275°F 376 298 353 482 
480 hr. @ " " 302 272 423 306 
672 hr. @ " " 217 282 3.50 292 

1000 hr. @ " " 178 183 242 230 

100% M (psi) (Unagedl 910 1295 
240 hr. @ 275°F (Air) 
" " @ :;CO°F II 818 
fI " @ 350°F " 215 882 

Hydraulic Fluid 
240 hr. @ 275°F 897 712 1091 
480 hr. @ " If 633 607 1205 1011 
672 hr. @ " II 420 590 984 865 

1000 hr. @ " " 367 393 737. 710 
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TABLE 'V (CONTINUED) 

. 
G-RIEG STOCKS SUBMITTED 

TO FARitER SEX, FOR EVALUATION 

~ydrauiic Fiuids Mil-H- 5606-c 
240 hr, 3 27.fj"X 1033 

. 

83282 

-yz 
708 
500 

1382 
1062 
876 
939 

5606-c 
1252 
1317 
1189 
1159 

105 

a7 
72 
ll5 

147 115 
137 112 
125 120 
127 145 

4 

t 
7 

42 
41 

83282 
1029 
1.169 
1166 
1019 

a7 
110 

z 

2 
2 

83 

TABLE 'V (CONTINUED) 

O-RING STOCKS SUBMITTED 
TO FARKER SEAL FOR EVALUATION 

Compoun_~ R-191-

~ged Stress-Strain (contd.~ 

Tcnsi lc __ St rengti': (psi )(Unaged) 

240 hr. d 275°F (Air) 
!l @ 3000p " 

II 

!-iyQraulic Fluids Nil-H-
240 hr. @ 275°F 
4-80 hr .. G II li 

lOv"'O hr. I~ tf " 
-;;- (c:/' (lTn"' ""'''''d'l ..:.....1.0 .,l.? j J..:.x,,-.. "-.. I 
-0 hI -

240 hI' .. @ 27Y'F (Air) 
" n @ 300!>F 
., 11 © 3500F 

:=iydraulic Fluid 
240 hr. © 275Q p 
480 hr. @ Il " 

::72 hr. @ II f: 

::00 hI' .. @ II II 

" 
" 

1233 
1106 

868 
300 

5606-c 
1033 

784 
613 
586 

113 

87 
110 
167 

120 
130 
155 
165 

% Tension Set (@ Break)(Unaged) 3 

2Lo hr. @ 275°F (Air) 4 
II 19 @ 3000F II 2 
It "@ 350"F " 19 

nydrau1ic Fluid 
240 hr. @ 275°F 
480 hr. @ '1 11 

672 hr. @ II It 

10..')0 hr. @ II II 

S~ore A Hardness(3)(4) 
Unaged 
240 hr .. 

" H 

@ 275°F (Air) 
@ 3000 p " 

" If @ 350"F 
Hydraulic Fluid 
2L~O hr~ (J 275°1 
480 hr. @ " 
672 tn".:~ 1I 

IOOO h:t:<" @ >, II 

2 
3 
7 
7 

50 
50 
47 
35 

41 
40 
1+0 
40 

83282 
1078 

782 
708 
500 

147 
137 
125 
127 

4 
4 
3 
5 

40 
lfo 
41 
41 

1382 
1062 
876 
939 

5606-C 
1252 
1317 
1189 
1159 

105 

87 
72 

115 

115 
112 
120 
145 

4 

6 
6 

11 

4 
3 
4-
7 

55 
52 
52 
54 

42 
41 
42 
45 

83282 
1029 
1169 
1166 
1019 

87 
110 
127 
135 

2 
2 
3 
8 

(3) .i=':-ess Cures 16' @ 3,?ooF for R-191,959: 8' @ 370"F for R-191,959; 
noth pCist.·.cured 240 hr. @ 212°F. 

(4) ~1easurGd 011 Stacked Tensile Stripe 
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TABLE V (CONTINUED) 

O-RING STOCKS SUBMITTED 
TO PARKER SEAL FOR EVALUATION' 

Compound R-191- 941 

Comression Setc3' -- 
m%-?%-jgT, Method B) 
$ Set (70 hr. a 2',?YF) 19 
$ Set (70 hr. 8 3OOOF) 30 

.m 

25 
28 

. 

Q 2750~ 22 10 

Xot Stress-Strain (8 275OF) (3) 

rc!o~; M (psi) 570 580 
?ensii.e Strength (psi) 735 666 
XD w 115 113 

Abrasive Index (5) 

(ASZ'N D-1630) 
49 55 ‘. 

Low Temerature Properties 

Gehnan Torsion 
(3) 

(ASEli D-1053) 

, 

3lsck Torsion Wire 
Isooctane Coolant 
Twist Angle Q 20°C 

T, (WI 
Tgj (oc) 
T;() (“Cl 

Tl(J(-j CDC) 
Freeze Point (OC) 

164 
-41 
-46 

Iit 
-61 

155 
-42 
-48 
-52 
-63 
-61 

Youngs' Xodulus in Flexure (3) 

ESTP~ G- 797 > 
iodulus ipsi) A: 

2OJC 
ooc 

-2O'C 
_.X'C 
-4ooc 
-yYc 
-6OQC 
-57°C 
YMI 
Recovery (psi) 

744 
843 
930 
1044 
1542 
2290 

11995 
67858 

-60 
1038 

(5) Test Zu.a on YMI Sanplcs. 

. 

a42 
all 
1052 
974 
1175 
1959 
10521 
71427 
-60 
1052 

. 
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TABLE v (CONTINUED) 

O-RING STOCKS SUBMITTED 
TO PARKER SEAL FOR EVALUATION' 

Compound R-19l

Com~ression Set(3) 
{AS'.rH D-395, Method B) 
% Set (70 hr. @ 275rl F) 
% Set (70 hr. @ 300°F) 

Tear Stren~!!!.. (ppi) (3) 
(ASTH D-639, Die B) 

@ 275°F 

19 
30 

22 

Hot Stress-Strain (@ 27~OF)(3) 
, OO~1 V ( • ) ..;.. ;'.:> al ps~ 

7ensile Strength (psi) 
:: (;:6) 

o 

Ab::-asive Index 
(AS::;:}! D-1630) 

Low Temperature Properties 

(- ) 
Geh~ctn Torsion ~ 
(ASTI·l D-I053) 
Black Torsion \-lire 
Iscoctane Coolant 
Twist Angle @ 200 C 

'1';> (oe) 
T§ Coe) 
'1'10 C'e) 
7100 (oc) 
Freeze Point (oC) 

Youngs' Modulus in Flexure(3) 
~STH D-797) 
}~dulus (psi) A: 

20°C 
orle 

-20"C 
-·30"e 
-40°C 
-50°C 
-woe 
-67°C 
YNI 
Recovery (psi) 

(5) Test Run on YMI Samples. 

570 
735 
115 

49 

164 
-41 
-46 
-50 
-60 
-61 

744 
843 
930 

101~4 

1542 
2290 

11995 
67858 

-60 
1038 

-86-

25 
28 

10 

580 
666 
113 

55 

155 
-42 
-48 
-52 
-63 
-61 

842 
8ll. 

1052 
974 

1175 
1959 

10521 
71427 

-60 
1052 



TABLE V (CONTIN~D) 

O-RING STOCKS SUBMITTED 
TO PARKXR SEAi, FOR EVALUATION 

5606-c -- 

-0,21 -1.41 -0.74 -1.25 
2-18 IL.22 I.52 LO2 
0.63 0.87 1.67 1.01 

0.79 
5 Vol. Swell, 2.35 
s xxtrac ted -0.70 

83282 5606-c 83282 

-0a75 
O-31 
0.75 

-0.49 o-09 
o. 76 2.92 
0.29 0.26 

0.26 0.3 0.20 
1.93 3-10 3.15 

-0.46 -0.24 -0.45 

-0.17 
2.08 
0.44 

-0.93 
1.04 
0.86 

-0.71 
n-33 
o-39 

. 

- a*?- 

TABlE V (CONTINUED) 

O-RING STOCKS SUBMITTED 
TO PARKER SEAL FOR EVALUATION 

Comt:'ound H-191-_-'--c-__ _ 

Resistcince to Fvdraulic 
Fluid~i (AS'r:~~ :0-471) (3) 

chl-H-
240 hr~2?5°X: 
% 1't ('''''''''-e' J 1'1 ''II J ........... .l.J.c.). 

% VC} ... ~ S'4e~Ll 
% E:;(tracted 

480 hr. ~ 2?5°F 
% \,;t- Change -
% Vol. Swe,ll 
% Extracted 

672 hra Q ;'~75°F 
% ·\'it. Change 
~ VoL S ..... ·el1 
% 3xtracted 

:OCN hr. 8 275~F 
% '.tIt. Change 
% Vol. Swell 

5606-c 83282. 

-0.21 -1.41 
2.18 1.22 
0.63 0.87 

0 .. 00 -0.75 
1.63 0 .. 31 
0 .. 28 0.75 

0.19 -0.49 
1 .. 84 , 0.76 

-0 .. 12 0.29 

0.79 0.26 
2.35 1.93 

-0.70 -0.46 

-8'7-

5606-c 8328? 

-0.74 -1.25 
1.52 1.02 
1.67 1.01 

-0.17 -0.93 
2.08 1.04 
0.44 0.86 

0.09 -0.71 
2.92 1.33 
0.26 0.39 

0.34 0.20 
3 .. 10 3.15 

-0.24 -0.45 



I TABLE VI 

cy~so WR 82 FEXNFORCED O-RING COMPOUNDS 

R-X g1- CO3~0 uniZ 

K-17217 100 
QUSO \G 62 25 
Stan tig ELZ 6 
Stabilizer- 1 
Dicu? r;OC 

(O-XQ>,Zn 
1 

Fair 

??onsanto Pkeoneter Cure (2) 
8 'j35'F _ _ _- 
yi2.e te 2 Fe* Xse (min.9 . 3.0 
Verne to O_~~GIIIXZI Cure Cmin.)I.8e3 
;?!~zicum Torque (in9 7-3 
!-kxir,~m Torque (ip9 16.0 
CK-? 33te bndex 6.5 

s p(ya 

"iT.e to 2 pt. Rise (min.9 1.3 
Time to C$timu;n Cure (min. 9 8.6 
Minima2 Torque (ip> 6.9 
Ciximm Torque (ip9 15*8 
czre Site Index 13.7 

StRSS-StrFliIl - 

~>;ess cure - jo’ @ _-$2U°F 
lost Cure - 24 hr. Q 212*F 

3% M (psi> 
100% M (psi9 
Tensile Strength (psi9 1275 

z Tension Set x'Q Break) 
y) (%I 130 

7 

973. 

100 

30 
6 
1 
1 

100 

35 
6 
1 
1 

Fair Fair- 
GOOd 

2.7 2.4 
19.8 16.3 

7.5 8.6 
21.2 29.0 

5.9 7.2 

1.4 

"E 
22:o 
8.4 

1.2 LO 
12.8 20.3 
11.2 11.0 
26.9 3LO 

8.6 5-l 

585 545 
1340 945 
1465 1070 
110 x20 
3.0 13 

9?$ 

100 
40 
6 
1 
1 

Fair- 
Good 

575 

770 
95 
13 

. . 

Fair 

2.8 
29.3 

7.8 
21.0 

3.8 

;:8’ 
9.5 

22.0 
11.7 

440 
1280 . 
1460 

105 
a 

TABLE VI 

guso \.;R 82 REINFORCED O-RING COMPOUNDS . 

CO::1~ound R-191-
..... -- - 972 973 974 972 

K-l72l7 100 100 100 100 
Quso \ill 82 25 30 35 40 
Stan K'1g ELC 6 6 6 6 
Stabilizer- (8-HQ)2Zn 1 1 1 1 
Dicup 40c 1 1 1 1 

XUl PI' ' (1) r- OC~.SSl~ }"'air Fair Fair- Fair-
Good Good 

V ~ F ~ C (2) ,onSC'.nLO meorne"er ure 
8 335'}' 
r.":....,o 
~..l..U''''''' to 2 pt .. Rise (min.) 3.0 2.7 2.4 2.7 
""-_l,ne to OptimUl'll Cure (min.)18.3 19.8 16.3 32.3 
fJ'tinic:um Torque (ip) 7.3 7.5 8.6 9.3 
Y.axir::um Torque (ip) 16.0 21.2 29.0 27.8 
Cure ihte Index 6.5 5.9 7.2 3.4 
d 3703 F 
r:'ime to 2 pt. Rise (min.) 1.3 1.4 1.2 1.0 
Tir=e to Optimum Cure (min.) 8.6 13.3 12.8 20.3 
Hinimum Torque (ip) 6.9 8.8 11.2 11.0 
}';aximu;u 'i'orque (ip) 15.8 22.0 26.9 31.0 
C'.lre Rate Index 13.7 8.4 8.6 5.1 

Stress-Strain 

Press Cure - 30' @. 3200 F 
?ost Cure - 24 hr. @ 212°F 

5O%M (psi) 305 585 545 575 
100% M (psi) 875 1340 945 
Tensile Strength (psi) 1275 1465 1070 770 
~b (%) 130 110 l20 95 
% Tension Set (@ Break) 7 10 13 13 

(1) All batches are slightly sticky and split to both rolls; 
fai;::' gri3'en strength .. 

(2) Y~ni-Diet 1° Arc, 100 RPM. 

-88-

97~ 

100 
30 
6 
2 
1 

Fair 

2.8 
29.3 
7.8 

21.0 
3.8 

1.3 
9.8 
9.5 

22.0 
11.7 

440 
1280 
1460 
105 

8 



TABLE VI(CONTINUED) 

QUSO WR 82 REINFORCED O-RING COMPOUNDS 

d"ompound R-191-_ 

672 hr. 8 27Y'F (Air) 
240 hr. @ 3000F (Air) 
672 hr. @ 3000F (Air) 
240 hr. 8 3500F (Air) 
240 hr. @ 2750F (HF) 
672 hr. @ 275OF (HF) 

672 hr. 8 275°F 
240 hr, 0 3000F 
692 hr. 0 3000F 
240 hr. @ 3500F 
240 hr. @ 2750F 
672 hr, @ 275QF 

qS Tension Set (@ Break) 
(Unaced) 

240 hr, @ 275*F (Air) 
672 hr, @ 2750F (Air) 
240 hr, @ 3000F (Air) 
672 hro 8 3QOoF (Air) 
240 hr, @ 3500F (Air) 
240 hr. @ 275OF (HF) 
672 hr, 0 27Y'F (HF) 

e Hardness ( naaedjt4) 
hr; @ 275OF (A:;) 

672 hre @ 275OF (A~ir) 
240 hr. 0'3000F (Air) 
672 hr. @ 3000F (Air) 
240 hr. @ 3500F (Air) 
240 hr. 8 275oF (HF) 
480 hr. 4 275OF (HF) 
672 hr. 0 275*F (HF) 

972 973 

1427 1389 1008 
1386 1303 1055 
1300 1336 993 
1383 1242 977 

1063 921 720 
1502 1270 975 
1313 1183 863 

824 
797 
857 
862 
708 
558 
708 
666 

168 160 162 
I57 $72 176 
162 182 150 
170 &77 175 

190 185 147 
186 177 177 
165 172 182 

187 
143 
173 
157 
117 
105 
152 
165 

5 8 14 
10 12 19 
9 13 17 
10 14 19 

a3 21 27 
3 14 6 
7 9 20 

26 
21 
31 
26 
23 
28 
19 
24 

47 55 62 
51 61 69 
52 59 70 
53 63 70 

52 61 71 
47 55 58 

72 
75 
78 
80 
77 
77 
71 

46 54 62 69 

ZL 

1403 
1503 
1495 
1380 

1138 
1408 
1346 

125 
'7c .LJ 
160 
165 

165 
177 
170 

5 
16 
11 
12 

18 
8 
9 

54 
59 
58 
58 

;9 
52 
52 
53 

(4) Press cures 8 3700F; R-191,972 (18 min.), 973 (26 min.), 974 (26 min.), 
975 (40 min,) and 976 (20 min.)* All post cured 24 hr. 8 212QF. 

-890 

TABLE VI(CONTINUED) 

gUSO WR 82 REINFORCED O-RING COMPOUNDS 

Compound R-191= .21.l.. 973 !lli.. .2Z2.- Zli?-

T,ensile Stren th 
Una ed 1427 1389 1008 824 1403 

240 hr. @ 2750 F (Air) 1386 1303 1055 797 1503 
672 hr. @ 2750 F (Air) 1300 1336 993 857 1495 
240 hr. @ 3000 F (Air) 1383 1242 977 862 1380 
672 hr. @ 3000 F (Air) 708 
240 hr. @ 350°F (Air) 1063 921 720 558 1138 
240 hr. @ 215°F (HF) 1502 1270 975 708 1408 
672 hr. @ 2750 f (HF) 1313 1183 863 666 1346 

Eb (%) (Unaged) 168 160 162 187 125 
240 hre @ 2750 F (Air) 157 172 1""" (V 143 175 
672 hr. @ 2150 F (Air) 162 182 150 173 160 
240 hr. @ 3000 F (Air) 170 177 175 157 165 
672 hr. @ 3000 F (Air) 117 
240 hr. @ 3500 F (Air) 190 185 147 105 165 
240 hr. @ 2750 F (HF) 186 177 177 152 177 
672 hr~ @ 275°F (HF) 165 172 182 165 170 

~ Teniion Set {@ Breakl 
(Unaged) 5 8 14 26 5 

240 hr. @ 275°F (Air) 10 12 19 21 16 
672 hr. @ 2750 F (Air) 9 13 17 31 11 
240 hr. @ 3000 F (Air) 10 14 19 26 12 
672 hr. @ 3000 F (Air) 23 
240 hr. @ 3500 F (Air) 13 21 27 28 18 
240 hr. @ 2750 F (HF) 3 14 6 19 8 
672 hr. @ 275°P (HF) 7 9 20 24 9 

~Qt~ A H~~gD~~~ 'UQ9g~gl(4) 47 55 62 72 54 
240 hr. @ 275°F (Air) 51 61 69 75 59 
672 hr .. @ 215°F (A'ir) 52 59 70 78 58 
240 hr. @300oF (Air) 53 63 70 80 58 
672 hr. @ 3000 F (Air) 77 
240 hr. @ 3500 P (Air) 52 61 71 77 59 
240 hr. @ 2750 F (HF) 47 55 58 71 52 
480 hr. @ 2150 F (HF) 52 
672 hr. @ 2750 F (HF) 46 54 62 69 53 

(4) Press cures @ 370°F; R-191,972 (18 min.), 973 (26 min.), 974 (26 min.), 
975 (40 mina) and 976 (20 min.). All post cured 24 hr. @ 212OF. 



TABLE VI(CONTINUED) 

QUSO WR 82 REINFORCED O-RING COWOUNDS 

ComDound R-$91- ZL 973 974 975 976 

Aqed Stress-S%rafn 

Press Cure (min.. 8 3700F) 
Post Cure (24 hr, Q 2120F) 
10% W (psi)(Uwaqed) 
240 hr, 0 275OF (Air) 
672 hr, @ 275OF (Air) 
240 hr. 8 300°F (Air) 
672 hr, 0 300°F 
240 hr, @ 3500F 
240 hr, @ 275OF ') 
672 hr, @ 275°F 

5ti.M (psi)iUnaqed) 100 
240 hr. @ 275OF (Air) 153 
672 hr, @ 275OF (Ais) 144 
240 hr, @ 300°F (Ab) 147 
672 hr. @ 300°F (Air) _ 

240 hr. 8 350°F (Air) 154 
240 hr. @ 275OF (HF) 72 
672 hr. 8 2750F i!iF) 172 

lOa% ii4 (D ‘) (Unawed)_ 
Ehr, @';750F (Air) 
672 hr, @ 2750F (Air) 
240 hr, 0 300*F (Air) 
6'72 hr. @ 3OOOE (Air) 
240 hr. @J 3500F (Air) 
240 hr, 8 275OF (HF) 
672 hr, 0 275OF (HF) 

9 13 13 

31 47 80 
41 60 106 
44 58 102 
45 52 100 

;; 
60 

64 110 
36 64 
68 107 

208 2'35 
246 386 
231 382 
212 363 

230 341 
134 247 
218 295 

439 835 748 
649 803 797 
574 763 795 
575 730 748 

465 588 621 
343 597 772 
553 649 629 

20 

129 
144 
185 
159 
177 
195 
103 
156 

378 
457 
510 
4% 
501 
447 
301 
354 

658 
715 
720 
740 
671 
558 
630 
601 

10 

70 
63 
54 
64 

60 
37 
71 

314 
212 
202 
226 

196 
123 
215 

1184 
742 
766 
825 

569 
514 
658 

(3) Ml-H-5606-C 
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TABLE VI(CONTINUED) 

QUSO WR 82 REINFORCED O-RING COMPOUNDS 

Compound R-191- 2IL 973 ~ 212- 976 

Aged Stress-Strain 

Press Cure (mio4 @ 370°F) 9 13 13 20 10 
Post Cure (24 hr. @ 212°F) 
1~ M (psi}(Unaged) 31 47 80 129 70 
240 hr. @ 2750 P (Air) 41 60 106 144 63 
672 hr~ @ 275°F (Air) 44 58 102 185 54 
240 hr. @ 3000 F (Air) 45 52 100 159 64 
672 hr. @ 3000 P ~Airi 177 
240 hr w @ 3500 F Air 52 64 110 195 60 
240 hr .. @ 2750F ~HF~ 3) 29 36 64 103 37 
672 hr. @ 275cP HF 60 68 107 156 71 

5 ;.M 100 208 295 378 314 
240 hr. 153 246 ~86 457 212 
672 hr. 144 231 382 510 202 
240 hr. 147 212 363 496 226 
672 hr. 501 
240 hr. 154 230 341 447 196 
240 hr. 72 134 247 301 123 
672 hr. 172 218 295 354 215 

100% M ~psil 'Unaged} 439 835 748 658 1184 
240 hr. @ 275°F (Air) 649 803 797 715 742 
672 hr. @ 275°F (Air) 574 763 795 720 766 
240 hr. @ 300°F (Air) 575 730 748 740 825 
672 hr. @ 30Qof (Air) 671 
240 hr. ~ 3500 F (Air) 465 588 621 558 569 
240 hr. @ 275°F (HF) 343 597 772 630 514 
672 hr. @ 2750 P (HF) 553 649 629 601 658 

(3) Mi1-H-5606-C 
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TABLE VI(CONTINUED) 

gUS0 WR 82 REINFORCED O-RING COMPOUNDS 

Compound R-191- I__- 972 973 

.' Comrcssion Set ") (70 hr. Q 275OF) 
~TP: D-395, Eethod B) 
$ Set (Cylinder) 
$ Set (Plied Disk) 

(5) 26 
34 

Abrasive I~-~dex'~)(~' -- 
(ASIX D-16%7 

Low Temoerature Properties 

Younas’ Xodulus in Flexure(4) 
iam D-797) 
,v,dulus (psi) @: 

203c II 
03C -- 

-2OJC -- 
-30°C -- 
-4OJC -- 
-yIPc -- 
-602C -- 
-67°C -- 
WI1 -- 
Recovery -- 

C&.nan Torsion (4) 
-I__ 
Slack Torsion b/ire 
Isooctane~Csolant 
Twist Angle Q 20°C (Deg.) 161 

f2 (“Cl 
Tr (?Cj 
&I -PC, 
T~OC-J (OC) 
Freeze Point ("C> 

-43 
-48 
-51 
-60 
-60 

Resistance to Hydraulic 
Fluid (4) 

7AST14 II-r;jl> . 
240 hr. Q 275°F in 
Hil-H-5606-C 
% Wt. Change 
$ Vol. Swell 
s _zYrxacted 

159 

It; 

-49 
-59 
-59 

142 129 158 
-36 -18 -31 
-4s -39 -45 
-49 -46 -49 
-61 -61 -59 
-58 -58 -59 

a.16 0.19 0,lO 
a.86 2.40 2.58 
0.22 0.24 0.04 

101 

42 
66 

121 

$2 
87 

64 51 42 86 

1777 
1110 
1225 
1480 
1754 
2961 
8460 

80178 
-61 

1225 

1918 
1918 
2397 
2663 

2:' 3 
13319 

"'-': 
2369 

1948 
2191 
2821 
3224 
4286 
6575 
15585 
93513 
-57 

2821 

960 
1016 
llg1 l 

1280 
1707 
3142 
9292 

"_'z 
1191 

. . 

033 
2.86 
0.11 

0.02 
2.56 
0.02 

974 975 976 

TABLE VI(CONTINUED) 

QUSO WH 82 REINFORCED O-RING COMPOUNDS 

eo:npound R-191- J.7L 973. 974 975 976 

,., . C't(4)( 
@ 275"F) vo~nress~on ue· 70 hr. 

(ASTN D-395, Hethod B) 
% Set (Cylinder) (5) 20 26 35 42 25 
% Set (Plied Disk) 34 34 54 66 38 

Tear St~ength (rpi)(4) 58 101 118 121 87 
(ASTH D-369, Die B) 

. (4)(6} AbrnSlve Index 64 
(ASTH D-1630) 

51 42 86 

Low 7emperature ProEerties 

Youn~s' Nodulus in Flexure(4) 
(AS'l'H D-797) 
Y.odulus (psi) @: 

20°C 1777 1918 1948 960 
O'=>C 1110 1918 2191 1016 

-20 J C 1225 2397 2821 1191 
-30'=>C 1480 2663 3224 1280 
-40°C 1754 3425 4286 1707 
-50°C 2961 .5413 6575 3142 
-60°c 8460 13319 15585 9292 
-67°C 80178 87911 93513 77998 
YMI -61 -58 -57 -61 
Recovery 1225 2369 2821 1191 

,... h m • (4) 
~e.,-man .lors~on 

5laCk To'rsion \-/ire 
Isooctane·Coolant 
Twist Angle @ 20°C (Deg.) 161 159 142 129 158 

'l'2 (oc) -43 -39 -36 -18 -31 
T5 (')C) -48 -45 -45 -39 -45 
':'10 (oe) -51 . -49 -49 -46 -49 
TIOO (oc) -60 -59 -61 -61 -59 
Freeze Point (ac) -60 -59 -58 -58 -59 

Resistance to H~draulic 
Fluid (if ) 
"(AS7N 1)...Z;71) 
240 hr. G 275°F in 
Mil-H-5606-c 

% Wt. Change 0 .. 16 0.19 0 .. 10 0.18 0.02 
% Vol. S\,,(~ll 1.86 2.40 2.58 2.86 2.56 
% Extracted 0.22 0.21• 0.06 0.11 0.02 

(5) Disks cut from 6" x 6" x 0 .. 075" Slabs 

(6) Test Run on YMI Sample 
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TABLE VII 

SILICA REINFORCED O-RING COMPOUNDS - THE: EFFECTS OF 
l?EROXT3% AWD QUSO !m 82.41UlNOX 101 LEVELS ON PHYSICAL PROPERTIES 

Comound R-3.91-_ -Y_ 

K-17217 
QdSO ‘rn 32 
Silano:c 103 
Cab-O-Six S-17 
Stan Fkig EM: 
Tribase 
Stabilizer .. ~&-llQ!,Zr~ 
i&cup 4oc 

100 

30 
me 

_- 

6 
_- 

1.0 
0.5 

Fair Fair Fair Fair Fair 

3-o 1.8 l-5 
16.3 17.3 16.5 
7.5 7.0 6.0 
16.0 22.6 18.0 

7.5 6.4 6.6 

Q 3703F 
Tine to 2 pt. Rise (nin.). 2.0 
Tins ta Optimum Cr;re (min.) 14.3 

* Ma. 'sFix.3 Torque tip> 
Mkl.xkm Torque lip> 1:*; 
Cure 3ate Ir,dex 8:1 

Stress-Strain 
Press Curx%’ Q 320’F) 
Fast Cure - 24 hr. 8 2L?F 

i 10% K (psi) 94 
fZT< M (psi? 388 
lOxIFs M (psi> 1120 
Tensile Strength (psi> 1586 
E M 160 
~oTmsi*n Set (@ Weak) 7 

975 ..- 

3.00 
30 
L-. 
__ 
6 
_" 
1.0 
l-5 

1.1 
21.3 
7.4 

25.0 
4-Y 

149 
870 
_- 

1557 
75 
3 

979 _9& 

100 100 

30 20 
__ 10 
__ WI 
_L 6 
6 m- 

1.0 1.0 
LO 1.0 

2.0 
13.3 
7.6 

'i-ii . 

t:; ;:; 

7.0 7.4 
18-o 15.2 
20.0 83.3 

:: 
1107 
1586 

13Z 

113 204 
363 643 
1477 1460 
1874 1634 
125 120 
2 12. 

. . 

6::; * 
13.8 
41.0 
1.6 

1.0 
29.8 
is.0 
38.0 
3.5 

(1) All b- t 3 ches are slightly sticky and split to both rolle; fair 
green st;-ength, 

(21 Mini-Die, I0 Arc, 300 RPM, 
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TABLE VIr 

SILICA REINFORCED O-RING COMPOUNDS - THE EFFECTS OF 
PEROXI~E AND QUSO \fR 82--SIIANOX 101 LEVELS ON PHYSICAL PROPERTIES 

Comnound R-19l.::.... 

K-17217 
Qu.so H}i 82 
Silanox 101 
Cab-O-Sil S-17 
Stan ~,a,g ELC 
Tribase 
Stabilizer - (8-HQ)2Zn 
Dicup 40C 

Hill ?roces~ing(l) 
M J. .~. ~ ,.. (2) j',0:152.:: ~ 0 _"i:leor::e .. er v ure 
@ 335:>::' 
(.,. - 2 J.""" (. ) ~lme ~O n ... ~lse wln. 
Tir::e to Optim1:1ll Cure (min.) 
Ni:::.i::-;.l.:1 Torque (ip) 
}~xi~n Torque (ip) 
Cure hate Index 

© 370:):: 
Tine to 2 pt. Rise (min.). 
Time to Optimum Cure (min.) 
Minim~n Torque (ip) 
Ha:xi-:::u..":l Torque (ip) 
Cure Rate Index 

stress-Strain 
Press Cure (30' @ 320°F) 
Post Cure - 24 hr. @ 212°F 
10% X (psi) 
5OC& "/{ (u5i' 

I" ... ' 

100% H (psi) 
Tensile Strength (psi) 
~ (%) 
% Tension Set (@ Break) 

977 . _ 978 

100 100 
30 30 

6 6 

1.0 1.0 
0.5 1.5 

Fair Fair 

3 .. 0 
16.3 

7,,5 
16.0 
7.5 

2.0 
14.3 
7.2 

14.8 
8.1 

94 
388 

1120 
1586 

160 
7 

1.8 
17.3 
7.0 

22.6 
6.4 

1.1 
21.3 
7.4 

25.0 
4.9 

149 
870 

1557 
75 
3 

979 

100 
30 

6 
1.0 
1.0 

Fair 

1.5 
16.5 
6.0 

18.0 
6.6 

1.5 
6.5 
7.0 

18.0 
20.0 

100 
341 

1107 
1586 
135 

6 

980 

100 
20 
10 

6 

1.0 
1.0 

Fair 

2.0 
13.3 

7.6 
17.0 
8.8 

1.3 
3.5 
7.4 

15.2 
83.3 

113 
363 

1477 
1874-
125 

2 

·100 
25 

5 
6 

1.0 
1.0 

Fair 

1.5 
63.8 
13.8 
41.0 
1.6 

1.0 
29.8 
15.0 
38.0 
3.5 

204-
643 

1460 
16y. 
120 
12 

(1) All b3tches are slightly sticky and split to both rolls; fair 
green sb'ength. 

(2) Mini-Die, 1° Arc, 100 RPM. 
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TAB.CZ Vn: (CONTINUED) 

'SILICA REINFORCZD O-RING COMPOUNDS -TKEEI?FEXTSOF 
PE??OXIGE AIJD US0 WR 82-- SILANOX 101 LEVELS ON PZ3YSICAL PROPZWTIZS 

X0 21 7 4 

52 

FG 
76 
84 
38 
62 

31 
69 
77 

69 
120 
46 
85 

72 

n654 

156 
51 
46 
73 

63 

;s! 

105 
136 

;; 

112 
1 4 
ii 17 
146 
147 
81. 
131 

3-50 439 260 210 374 
218 283 27.9 I..?3 475 
159 329 306 265 482 
211 299 524 312 340 
3.96 402 59 261 275 . 

a5+ 220 141 100 239 
126 299 161 163 344 

583 1480 841 852 
682 1065 613 552 
468- 1137 718 774 
632 3.095 1047 975 
431 935 69 483 
297 I.014 415 419 
342 963 382 438 

1103 
1182 : 

W5 
899 
517 
744 
863 

1396 1523 1409 1551 1399 
1575 1593 1412 1859 1511 
1333 1458 l-P87 1597 1416 
1375 1516 1354 1665 1480 
833 1093 100 819 854 
1475 1499 1386 1663 1465 
1233 xv5 1202 1463 1267 

TABLE vn (CONTINUED) 

'SILICA REINFORCED O-RING COMPOUNDS - THE EFFECTS OF 
PERO~IDE AND QUSO WR 82--SILANOX 101 LEVELS ON FdYSICAL PROPERTIES 

Comnound R-191-_ b -.-..0<_ 

A~ed Stress-Strain 
Press Cure-(min. (~ 370°F) 
Post Cure - 24 hr. @ 212~F 
10~ M (psi)(Unagedt 
2 1'0' ." 27C0 T:' '7A · ) ~ n~. b ~ £ \ ~r 

672 hr.;:j; !I " " 

240 hr .. @ 3000 F " 
II 1/ @ 3500F II 

240 h:. Q 2750F (HF)(3) 
672 r.r. @ II " II 

c'"\y V ( .• ) (.. d) ~'-JI:J ... PS1 unage 
240 r.r. e 275°F (Air) 
672 n:-. @ " " 11 

240 .~.. @ 3000 F 
It n Q 3500F 

2Lc :i.:-. @ 275°F 
672 ~r. @ If fI 

" 
II 

(HF) 
II 

10C:; ~.~ (psi) (Una~ed) 
2L.C ~::::.. @ 2750 F ,Air) 
672 ::.:-. @ II 1\ " 

240 =. @ 300°F " 
II :r @ 350')F " 

24c __ * @ 2750 F (HF) 
672 :-~. @ tI II II 

Te~sile Strength (psi) 
(Urra~ed) 
240 r~. @ 275°F (Air) 
672 hr. © " II " 

240 hr. @ 3000 p II 

11 "© 3.5()O F II' 

240 hr. @ 275°F (HF) 
672 hr. @ IT " " 

~b (%) (tJrlA.[;ed) 
240 hr. @ 27Y'F 
672 hr. @ " " 
240 hr. @ 3000 F 

It II @ 3500p 

(Air) 

rr 

II 

240 h~. @ 275°~ (qF) 
672 !tr. Q " tt n 

10 

52 
82 
59 
76 
84 
38 
62 

150 
218 
159 
211 
196 
85 f 

126 

583 
682 
468-
632 
431 
297 
342 

1396 
1575 
1333 
1375 

873 
1475 
1233 

103 
207 
237 
210 
210 
250 
2,5 

21 

81 
69 
77 
69 

120 
46 
85 

439 
283 
329 
299 
402 
220 
299 

1480 
1065 
1137 
1095 

935 
101l1-

961 

1523 
1593 
1458 
1516 
1093 
11199 
1375 

105 
lL~O 

1;:5 
130 
122 
:130 
"-r", 
~1. .I ," 
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7 

72 
64 
83 

156 
51 
li6 

73 

260 
219 
306 
524 
59 

141 
161 

841 
613 
718 

1047 
69 

415 
382 

1409 
1412 
1187 
1354 
100 

1386 
1202 

150 
200 
H;5 
157 
292 
217 

4 

63 
61 
92 

105 
136 
39 
73 

210 
173 
265 
312 
261 
100 
163 

852 
552 
774 
975 
483 
419 
438 

1551 
1859 
1597 
1665 
819 

1663 
1463 

litO 
187 
165 
IJ+7 
180 
190 
len 

60 

112 
164-
167 
146 
147 
81 

131 

374 
475 
482 
340 
275 
239 
344 

1103 
1182 
1095 
899 
51? 
744 
863 

1399 
1511 
1416 
1480 

854 
1465 
1267 

132 
137 

. 142 
167 
180 
167 
150 



SILICA REINFORCZD O-RING COMPOUNDS - ‘IT33 EFFZCTS OF 
PFZOXI11E AND QUSO WR 82--SXLANOX 101 LEVEU ON PHYSICAL PROPERTIZS 

Compound R-191-_ 

Comression Set (4) 

(ASTW D-j%, Eethod 3) 
70 fir, 2 2753Z 
:A Set (Cylbder) 

(5) 
28 

g set (3lied Disk) 42 

. Tear Strength (ppi) 
ASTK G-359 (Die B) 

Abrasive Index 
(ASP:? z;16~0)-- 

139 

__ C6) 

Inw Temernture Properties 

Gehan Torsicm (4) 

(A.%?~! D-1053 
Black Torsion Wire 
ISOO-+ uban-z coo2ant 

Twist Angle @ 20°c (De&) 159 
T> (oc) -35 
Ts cgC) -44 

%O !9’6) -49 
TIC& (“C) -00 
Freeze Point ("c> -59 

2E 

: 
11 
11 
17 

67 
65 
61. 
62 
62 
62 
56 
55 

:: 

77 

88 

155 
-35 
-45 
-50 
-61. 
-59 

1’: 
20 
17 
200 

15 
24 

49 
57 
65 

z! 

55: 

62 
72 

107 

_I (6) 
_. 

144 

1;’ 
-4; 
-61 
-59 

4 
13 
11 

:: 

7 
10 

49 
55 
59 

;;: 
49 . 
48 

29 

77 

_m 

158 
-35.. 
“-44 
-47 

1;; 

q81 

1’: 
I_2 

17 
31 
10 

9 

66 
71 
78 
71 
67 
65 
64 

32 
47 

.92 

39 

163 
-38 
-45 
-49 
-59 
-60 

. 
(61 Too sosc &a test . 

-9J+- 

TABLE VII(CONTINu~D) 

SILICA REINFORCED O-RING COMPOUNDS - THE EFFECTS OF 
PF.ROXIDE ApD QUSO \-IR 82--SILANOX 101 LEVELS ON PHYSICAL PROPERTIES 

Compound R·~191-

% Tension Set (0 Break) 
tUnaEcd) 
240 hr. G 275°F (Air) 
672 ru'. @ II " " 
240 hr. @ 3000 F II 

" II G 350"F H 

2l tO hr. G 275°F (HF) 
672 hr. @ II 11 II 

Shore A Fbrdness (U:1ased )(4) 
240 l-~. C} i75't' (Air) 
672 hr. e" If fI " .;j 

240 hr. :J 300"F " 
II II @ 3S0'')F " 

240 h::-. .:;; 275°}" (HF) 
672 hr. ,j " 11 It 

. (4) CO:T."C:'eSSlon Set 
(ASTH D-395, Method :0) 
70 hr. ::; 275°? 
% Set (Cylinder) (5) 
% Set (Plied Disk) 

."',brasi · ... e Index 
(AS~H D-1(30) 

Low TemDerature Properties 

G L _ ~ _. ~(4) -eEr:1c<n ... orvl.o"> 
CASTH D-1053) 
Black Torsion Wire 
Isooctanc Coolant 
~~ist Angle @ 20°C (Deg~) 

T::> Coe) Ts (oc) 
",,"" I oC) :110' , 
T1CJO (oc) 
Freeze Point (oe) 

977 

11 
15 
20 
18 
26 
13 
14 

45 
51 
54 
51 
54 
45 
44 

28 
42 

139 

159 
-35 
-44 
-49 
-60 
-59 

(6) 

278 

4 
9 

11 
11 
17 

7 
6 

65 
61 
62 
62 
62 
56 
55 

18 
34 

77 

88 

155 
-35 
-45 
-50 
-61 
-59 

.979 

10 
18 
20 
17 

200 
15 
24 

49 
57 
65 
58 
61 
51 
52 

62 
72 

107 

144 
-33 
-43 
-48 
-61 
-59 

(6) 

980 

4 
13 
11 
11 
52 
7 

10 

-49 
55 
59 
57 
58 
49 
1+8 

29 
44 

77 

158 

(6) 

-36,. 
-44 
-47 
-57 
-58 

981 

10 
12 
12 
17 
31 
10 
9 

66 
71 
78 
71 
67 
65 
64 

32 
47 

92 

39 

163 
-38 
-45 
-49 
-59 
-60 

(l~) Press Cure (min. @ 370')F) 0_ 9'17 (28), 978 (42), 979 (14), 980 (8), 
981 (60), 4 1.1 stocks post cured 2l~ hr .. @ 212'-'F" 

(5) Cut f.:r"o:":1 6r, x 6" X O •. 07.5H slabs 

(6) Too 80ft to test 

~94-

. 
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TABLE VII(CONTINUE1)) 

SILICA REINFORCED O-RING COM,?OUNDS -- THE lFE'i!ICTS OF 
PF,ROXIDE AND QUSO WR ~~--sILANOX 101 mms 0X PHYSICAL pm~mrms 

Compound R-191- 977 

Reksf .w-tce 
II) 

to Hydraulic 
fl?i;-t\ 

774 
841 
887 

1064 
1282 
2524 
7328 

sm; 

916 

89’6; 
1081 
1163 
1499 
2812 
8999 
61ffV: 

1081 

82a 748 1551 
966 775 1939 
1073 844 2101 
1122 1083 2621 
1325 1551 3217 
3198 2618 5791 
9350 a56 33573 
85024 57&4 106171 
-61 -62 -58 
1073 1007 2246 

0;18 -0.19 -0.21 0.02 0.24 
2.64 l-90 2.12 2.55 2.92 
0.06 . 0-27 0.28 0.11 0.12'. 

, 

-. 

n 
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TABLE VII(CONTIN~L 

SILICA REINFORCED O-RING COMPOUNDS -- THE EFFECTS OF 
PEROXIDE AND guso WR 82--SILANOX 101 LEVELS ON PHYSICAL PROPERTIES 

Compound R-191- 977 978 979 980 981 

Yotln~s I Nodulus in Flexure(4) 
(AST~! D-?97) 
}~odulus (usi) @: 

20 (oc) 774 833 828 748 1551 
o (oc) 841 969 966 775 1939 

-20 (oC) 887 1081 1073 844 2101 
-30 (oC) 1064 1163 1122 1083 2621 
-40 (oc) 1282 1499 1325 155l 3217 
-50 (oC) 2524 2812 3198 2618 5791 
-60 ('JC) 7328 8999 9350 8056 13573 
-67 (DC) 58798 61873 85024 57604 106171 
!1~:r (oC) -62 -61 -6l -62 -58 
Recovery (psi) 916 1081 1073 1007 2246 

Res~s7Qnce to Hydrau1i~ 
Fl,-_~\4) ..A.: '-"-__ 

(A.s=·~ D-471) 
• 2YJ ~. Q 275°F in 

}!il-3:-5606-c 
% ·w': .. Change 0~18 -0.19 -0.2l 0.02 0.24 
% -- - '" 11 ".::..:... >:Jwe 2.64 1.90 2.12 2.55 2.92 
% ~=acted 0.06 0.27 0.28 0.11 0.12 . 
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TABLE VIII 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Compounc? R-193 

S-17217 100 
Quso St'?? 82 20 
Silnnox 101 10 
FZ' Bluck __ 

Star- Mag ELC 6 
Stabilizer- (8-H&)2% . 1 
Silastic 410 WV. 
cicup 4oc 1.1 

Mill Processing(l) 

Mcnsanto Rheoneter Cure(') 
(g j_TS'r' 

Tiz? to 2 ?t. Rise (min.) 
Time to O-,timum Cure (min.) 
MinLrxln "orque (ip) 
H'axizuz Torque (ip> 
CLZP Rate Index 

B 370°F 
Tim?? to 2 nt, RiGe (min.) 
TiiX? to Optimum Cure (min.1 
Minizxz Torque (ip> 
P.%xisu:1! Torque tip> 
Cure 33te Index 

Stress-Strain 
,?ress Cure - 30' Q 320°F 
PGSt Cure - 24 hr., 0 212*F 
3.0% M (psi) 
Y.35 M (psi) 
100% M (psi) 
Tecsile Strength (psi) 

Tension Set (@ Break) 

222 

F&ix- 

2.1 
10.3 
8.7 
18.4 
12.2 

::; 
9.0 
1705 
43.5 

46 

IIg 
1555 
180 
6 

223 

100 
20 
10 
_L 

6 
1 
6 
1.3. 

Fair- 
Good 

213 

100 
_" 

% 
6 
1 
-_ 
2 

. 
Fair 

15:; 
8.6 
19.3 
9.5 

2.4 2.6 
11-f; 12.3 
10.2 10.0 
20.8 21.4 
IO,9 10.3 

k", 
8:o 

. 17.0 
34.5 

l-3 
3.5 
9-O 
18.5 
45.4 

50' 62 
156 318 
518 1385 

~693 1718 
180 19 
9 s 

. . 

214 

loo 
__ 

G 
6 

ii 
2 

E&lZeat 

::; 
10-O 
20.5 
37-o 

3;: 
1317 
1650 
130 * 
6 

. (1) B-193- 222, sticky and splits to both rolls; 223, zlightly less stick 
but still splits; 213, sticky and splits: 214, excellent release, 
stays on fr&t roll. A.llstocks Rave 

(2) Mid.-Eie, lo Arc , 100 RPH 
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TABLE VIII 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

.Compound R-193:: 

K-172l7 
Quso \ffi 82 
Silanox 101 
FLF Black 
Stan Mag ELC 
Stabilizer - (8-HQ)2Zn 
Silas tic 410 
Dieup 40C 

M '1~ .... . (1) 
,1 .1 t'roceSSln~ 

Nonsanto R'1eometer Cure (2) 
@ 335?? 
Ti~e to 2 pt. Rise (min.) 
Time to Ontimum Cure (min.) 
Minicu~ ~~rque (ip) 
Naxir::u::i Torque (ip) 
Cure Rate Index 

@ 370:)F 
Tim9 to 2 nt. Rise (min.) 
Ti~e to Optim~~ Cure (min.) 
Mini~~~ Torque (ip) 
¥Exicum Torque (ip) 
Cure Rate Index 

Stress-Strain 
Press Cure - 30' @ 3200 F 
Post Cure - 24 hr Q @ 212°F 
10% H (psi) 
50% H (psi) 
100% M (psi) 
Tensile Strength (psi) 
~ (~6) 
%-Tension Set (@ Break) 

222 

100 
20 
10 

6 
1 

1.1 

Fair 

2.1 
10.3 

8.7 
18.4 
12.2 

1.3 
3.6 

·9.0 
17.5 
43.5 

46 
130 
432 

1555 
180 

6 

223 

100 
20 
10 

6 
1 
6 
1.1 

Fair
Good 

2.3 
12.8 
8.6 

19.3 
9.5 

1.4 
4.3 
8.0 

17.0 
34.5 

50 
156 
518 

.1693 
180 

9 

213 

100 

30 
6 
1 

2 

Fair 

2.4 
11.6 
10.2 
20.8 
10.9 

1.3 
3.5 
9.0 

18.5 
45.4 

62 
318 

1385 
1718 
130 

.5 

214 

100 

30 
6 
1 
6 
2 

Excellent 

2.6 
12.3 
10.0 
21.4 
10.3 

1.1 
3.8 

10.0 
.20.5 
37.0 

71 
376 

1317 
16.50 
130 

6 

(l) 
. . 

R-193- 222i sticky and splits to both rolls; 223, slightly less stick 

(2) 

but still splits; 213, sticky and splits; 214, excellent release, 
stays on front roll. All stocks have fair green strength. 

Mini-Die, 1° Arc , 100 RPM 
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TABLE VIII (CONTINUED) 

EIILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Conpound R-193- 

Stress-Strain 
Post Cure Study 
cress Cure (5 min. 8 370*F) 
10% K (psi) 
:“,Olli! 

24 hr. Q 212*F 
4 'r*r, Q 275*F 
8 >&;r, G f! $1 
; F. B 300*F 

L_ 8 11 ri 

4 4r. 2 3500F 
8 CT_ Q $1 11 

lcxx M (psi) 
COSl 

Q 212°F 
tj 275°F 

8 *_ 3 1' I* 
1 4 ix-. Q 3003F 

8 :?r, Q " " 
4 hr. Q 350aF 
8 hr. Q " " 

! Tensile Strength (psi) 
I none 

24 hr. Q 212OF 
4 hr, Q 275°F 
5 

1 
.hr, @ fi *? 

I 4 hr. t!2 3OOOF 
8 ;*Lr, @ ft 91 

223 

96 
85 
76 

i:: 
80 
93 
102 

210 342 
164 279 
195 208 
197 238 
186 211 
208 218 
237 267 
225 300 

1195 
1030 

718 
812 
690 

8”;: 
939 

1796 
1389 
1788 
1671 
1683 
1705 
1682 
1697 

-97- 

. 

213 214 ’ 

96 

Ti 
a4 

93 
92 

103 
6 

334 
293 
323 

;zz 
382 
361 
351 

343 
307 
332 
285 
318 
322 
321 
304 

1277 
1146 
1227 
1217 
1292 
1364 
1251 
1160 

1037 
1037 
1103 
1031 
1023 
1062 

1733 1621 
1593 1561 
1727 1592 
1745 1545 
1708 1506 
1754 1536 
1728 1594 
1583 1585 

TABLE VIII (CONTINUED) 

NILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Comtlound R-193- 222 222 m 214 -
Stress-Str,dn 
Post Cure Study 
Press Cure (5 min. @ 370°F) 
10% X (Esi) 
none 81 96 74- 96 
24 hr. @ 212°], 69 85 76 90 
4 hr. @ 275°F 81 76 86 93 
8 hr. @ " " 78 84- 90 84-
4 hr. @ 300°F 80 80 84- 93 
8 hr. @ I, Ii 89 80 100 92 
4 hr. @ 3500 F 91 93 95 103 
8 b.~. @ " 11 87 102 100 6 

50% ~ (-osi) . 
none 210 342 334- 343 
24 ::::-. @ 212°F 164 279 293 307 
4 ::-.::-. @ 275°F 195 208 323 332 
8 :::r. @ " " 197 238 335 285 
4 hr .. @ 3000 F 186 211 344 318 
8 ::rr. @ " " 208 218 382 322 
4 :-:. @ 350°F 237 267 361 321 
8 ::::-. @ " " 225 300 351 304-

100% M (-osi) 
* no:::e 637 1195 1277 1037 

24 :.:. @ 212"F .509 1030 1146 1037 
4 hr. @ 275°F 648 718 1227 1103 
8 hr '3 II " 689 812 l217 1031 ,;.. . ~ 
4 hr. @ 3000 F 560 690 1292 1023 
8 hr. @ " " 606 648 1364- 1062 
4 hr. @ 35(PF 769 852 1251 . 998 
8 hr. © " " 663 939 1160 906 

Tensile Strength (psi) 
none 1615 1796 1733 1621 
24 hr. @ 212°F 1736 1389 1593 1561 
4 hr .. @ 275°F 1642 1788 1727 1592 
8 .hr. @ Ii ., 19'77 1671 1745 1545 
4 hr. @ 3000 p 1727 1683 1708 1506 
8 rJ.r. @ It " 1778 1705 1754 1536 
4 hr. @ 350°F 1893 1682 1728 1594-
8 hI' .. @ " " 1633 1697 1583 1585 
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TABLE VIII (CONTINUED) 

. 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Compound R-193- 

_+_ (S) 
none 
24 hr. @ 2120F 

160 
180 

4 hr. 8 275°F 155 
8 hr. Q ” ” 170 
4 hr. @ 300°F 170 
8 hr. @ l1 '1 180 . 

4 hr. Q 3503F 165 
8 hr. 0 (1 II 170 

% Tension Set (Q Break) 
none 
24 ?ir. Q 212OF 
4 hr. (3 275OF 

Shore A Hardness (3) 

none 
24 'zr. @ 212OF 
4 fir, Q 275OT 
8 fsr, Q ” ‘1 
4 I-ii, @ 3oOoi? 
8 ‘m, @ II II 
4 k;-, 6 35003 
8 hr-. @ " " 

: 

ii 
8 
10 
10 
10 

45; 
47 

zi: 

z 
51 

(3) Test on stacked tensile strips. 
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135 
130 
175 
160 
165 
180 
165 
160 

7 

: 

87 
10 
11 
12 

54 

$ 

;:: 

E 
54 

. 

g 224 

135 
130 
140 
145 
140 
135 

:3": 

1 
20 10 
140 
140 
145 
135 
160 
165 

5 

;: 
8 
10 
9 

lk!i 

5 
7 

.i 
10 

9 . 
10 
11 

54 
52 

;: 
51 
56 
55 
!% 

z 
45; 
g 
55 
53 

. . 

. 

TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CtffiE STUDIES ON O-RING STOCKS 

Comoound R-192:=. 222 223 213 214 

~ (%) 
none 160 135 135 l~ 24 hr. @ 212°F 180 130 130 
4 hr. @ 275°F 155 175 140 140 
8 hr. d " " 170 160 145 140 
4 hr. @ 300°F 170 165 140 145 
8 hr. @ " II 180 180 135 135 
4 hr. @ 350"F 165 165 150 160 
8 hr. @ II " 170 160 135 165 

% Tension Set (@ Break) 
none 7 7 5 5 
24 hr. @ 212°F 6 6 7 7 
4 hr. @ 275°F 6 6 8 ·7 
8 r.r. @ " " 8 7 8 8 
4 hr. @ 300°F 8 8 10 10 
8 hr. (Y 11 " 10 10 9 9 
4 hr. Q 350°F 10 11 10 10 
8 hr. @ " " 10 12 8 11 

Shore A Hardness (3) 

none 52 54 54 52 
24 ~r. @ 212°F 43 50 52 50 
4 hr. © 275°F 47 50 52 52 
8 hr. ~ II " 50 50 51 49 
4 hr. @ 3OO°F 47 50 51 52 
8 hr. @ II II 50 50 56 51 
4 r~. @ 350°F 49 51 55 55 
8 hr. @ II " 51 54 54 53 

(3) Test on stacked tensile strips. 
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TABLE VIII (CONTINUED) 

MILL PRBCESSING AND POST CURE STUDIES ON O-RING STOCKS 

s 222 gJ $3_ 214 

thod B) 
70 hro 8 2750F 
~reess Cure - 5" @ 370°F 
Post Cure 

None 
2q hr, @ 212OF 
8 hr, @ 275OF 
4 hr, @ 300°F 
4 1par-, @! 3yYF 

press Cure - 8' d 370°F 
Pod Cure - 24 hr, @ 212OF 

10% M (psi) 
Post Cure 

NQXVf? 128 
24 hr, 8 212*F 135 
8 hr, @ 275OF 127 
4 hr, Q 3OO*F 128 
4 hr, 8 35OOF 125 

50% M (psi) 
Post Cure 

NCXE 
24 hr, @ 212OF 
8 hro 8 275°F 
4 hrm @ 300°F 
4 hr, 8 350°F 

-Ii > 
Post cure 

Nom? 
24 hro @ 2B2°F 
8 hr, @ 275°F 
4 hr, @ TOOoF 
4 hr, 8 350°F 

39 23 39 -- 
32 la 

;2 21 19 

;: 
30 

32 32 

94 92 111 

$4 
318 
309 
322 

815 
a44 
777 
749 
741 

120 121 120 
w- 106 120 
104 109 126 
127 116 122 
124 110 117 

892 

6;8 
;;2 

367 327 
329 355 

;e ;;: 
323 329 

879 
830 
853 
869 
771 

;: 

29 
22 
29 

-08 
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TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Compound R=193= 222 223 213 214 

Compression Set 
(ASTM D-395, Method B) 
70 hr o @ 275°F 
Press Cure - 5 Q @ 370°F 
Post Cure 

None 39 23 35 32 
2~ hr", @ 212°F 39 32 30 
8 hr. @ 275°F 32 18 30 29 
4 hro @ 300°F 35 21 32 22 
4 hl"o @ 350°F 38 19 32 29 

Tear Stren~th (EEi) 94 92 III 108 
(ASTM D-3691 Die B) 
Press Cure ~ 8' @ 370°F 
Post Cure = 24 hro @ 212°F 

Aged Stress-Strain 
~33b hr~ @ 300oF~ 

10% M (Esi) 
Post Cure 

None 128 120 121 120 
24 hra @ 212°F 135 106 120 

8 hr. @ 275°F 127 104 109 126 
4 hr~ @ 3000 F 128 127 116 122 
4 hr" @ 3500 F 125 124 110 117 

50% M (Esi) 
Post Cure 

None 329 339 367 327 
24 hr., @ 212°F 341 329 355 
8 hra @ 27.5°F 318 278 330 370 
4 hr .. @ 300°F 309 356 342 334 
4 hra @ 350°F 322 336 323 329 

100% M (Esi) 
Post Cure 

None 815 892 879 742 
24 hr", @ 212°F 844 830 793 
8 hro @ 275°F 777 698 853 818 
4 hra @ 300°F 749 933 869 749 
4 hr", @ 350°F 741 856 771 724 
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TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Tensile Strength (psi> 
Post cure 

None 
24 hr, @I 212OF 
8 hr, 8 275OF 
4 hr, @ 300°F 
4 hr, @350°F 

(%) Eh 
Post cure 

None 170 170 165 175 
24 hr, @ 212OF 170 _- 160 165 
8 hr, @ 275OF 180 180 160 150 
4 hr, 6 300°F 160 150 150 160 
4 hr, @350°F 190 165 165 175 

$6 Tension Se% (8 Break) 
Post Cure 

None 
24 hr, 0 212OF 
8 hr, @ 275OF 
4 hr, Q 3OO*F 
4 hr, 8 350°F 

1603 1525 1274 1221 
1599 SW 1273 1225 
1576 1461 1280 1162 
1393 1455 1220 1170 
1572 1534 1236 1177 

17 
15 
18 
15 
18 

13 
__ 

13 
11 
11 

tz 

;z 
155 
54 

11 
11 
10 
10 
12 

Aged 16 hr, @ 340°F (Steam> (4) 

10% M (psi> 395 
50% M (psi> 498 
100% 61 (psi) 656 
Tensile Strength (psi) 995 
Eh (%I 190 
% Tension Set (@ Break) 75 

172 
402 

;i; 
110 
16 

813 
813 
105 
15 

(4) Same cure conditions as previous Stress-Strain. 
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TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

ComEound R=193= 222 223 213 214 

Ased Stress-Strain (contd.) 
336 hr" @ 3000 F 

Tensile Strensth (Esi) 
Post Cure 

None 1603 1525 1274 1221 
24 hre @ 212°F 1599 1273 1225 
8 hr" @ 275°F 1576 1461 1280 1162 
1+ hro @ 3000 F 1393 1455 1220 1170 
4 hra @ 350°F 1572 1534 1236 1177 

E~ 
Post Cure 

None 170 170 165 175 
24 hr~ @ 212°F 170 160 165 

8 hr .. @ 275°F 180 180 160 150 
4 hro @ 3000 F 160 150 150 160 
4 hr .. @ 350°F 190 165 165 175 

% Tension Set (@ Break) 
Post Cure 

None 17 13 14 11 
24 hr" @ 212°F 15 9 11 

8 hr .. @ 275°F 18 13 9 10 
4 hro @ 3000 F 15 11 8 10 
4 hro @ 3500 F 18 11 7 12 

Ased 16 hrc @ 3400 F (Steam) (4) 
10% M (pst) 395 325 154 172 
50% M (psi) 498 488 400 402 
100% M (psi) 656 736 813 763 
Tensile Strength (psi) 995 964 813 763 
Eb (%) 190 155 105 110 
% Tension Set (@ Break) 75 54 15 16 

(4) Same cure conditions as previous Stress-Strain .. 
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TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

Compound R-193- 

Fluid Resistance(5' 
70 hP, d 73°F 
ASTM Fuel C 
% wt, Change 
% VOP, Swell % Extracted 

222 3 a 214 

4*54 6.37 7002 
12-10 15.61 17f.05 l-28 

1.39 1.13 

Mil-H-5606-C 
% Wt.* Chaage 
% Vol, Swell 
% Extracted 

O-12 o-48 o-10 0.30 
O-40 l-09 0.60 o-62 
0.18 0.07 0.16 0.12 

(5) Press Cure - 8' d 3700F 
Post Cure - 24 hr. 8 212OF 
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TABLE VIII (CONTINUED) 

MILL PROCESSING AND POST CURE STUDIES ON O-RING STOCKS 

ComE2und R-193-

Fluid Resistance(5) 
70 hr .. @ 73°F 
ASTM Fuel C 

% wte Change 
% VoL Swell 
% Extracted 

Mi1-H=5606-C 
% wt., Change 
% Vol. Swell 
% Extracted 

(5) Press Cure - 8' @ 3700 F 
Post Cure - 24 hr. @ 212°F 
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222 223 213 

4 .. 54 6.37 3.32 
12,,10 15.61 8.81 
1.28 1.39 L05 

0.12 0.48 0.10 
0.40 1.09 0.60 
0.18 0.07 0.16 

214 

7.02 
17.05 
1.13 

0.30 
0.62 
0.12 



TABLE IX 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Compound R-193 -225 -226 -227 -218 -219 

Polymer (K-17217) 
SAF Black 
FEF Black 
Austin Black 
Stan Mag ELC 
Cab-0-Pite P-4 
Chem-Link 30 
(~-HQ) ZR 
Dieup $OC 

100 
5 
10 
20 
6 

__ 
_- 

: 

Monsanto Rheometer Cure(') 
@ 335°F 
Time to 2 pt, Rise (mine> 3.2 
Time to Optimum Cure(min,) 15.3 
Minimum Torque fip) ?*O 
Maximum Torque (ip> 15.7 
Cure Rate Index 8.2 
8 37cPF 
Time to 2 pt* Rise (min.) 1.6 
Time to Optimum Cure(min,) 5.5 
Minimum Torque (ip> 830 
Maxiwm Torque tip) 16.0 
Cure Rate Inir*;x 25.3 

Stress-Strain 
Press Cure (min, d 370OF) 6 
Post Cure (24 hr, 0 212OF) 
10% M Cpsi) 
50% M (psi> 
100% M (psi> 

z55 

Tensile Strength (psi> 1234 
,(%I 147 
% Tension Set (@ Break) 4 

Aged Stress-Strain 
Press Cure Cmin, Q 37OOF 6 
Post Cure (24 hr,/212OF) 
lO% M (psn)(Una&d) 75 

240 hr. @ 275OF(Air) Il.7 
672 hr,, 6 275OF I' 
360 hr, @ 275OF (HF) c2130 30 
672 kr, 8 275OF v1 37 
240 hr, Q 300°F (Air) 111 
240 hr.., @ 350°F I1 56 

100 
10 
10 
20 
6 
o- 

1 
2e75 

4-5 336 1.6 4,2 
22.3 1503 17.8 1503 
8,o 700 7.2 8-0 
14,8 14-7 16-5 1506 
506 8.5 6.1 9.0 

1-6 
5.7 
10-o 
16,2 
24-4 

1.6 

E 
1515 
23-8 

0.9 
7.8 
8.0 
16.0 
14.5 

;:: 

1::; 
31.2 

6 6 8 6 

74 89 
267 404 
659 878 
1354 1228 
190 145 
7 6 

96 

;z: 
1229 
137 
2 

67 
279 
808 
1359 
137 
8 

6 6 8 6 

74 
126 
38 
35 
33 
114 
59 

89 
130 

;: 
33 
110 
55 

96 67 
136 96 
111 30 

z :: 
118 101 
83 78 

100 
5 

:: 
6 
se 
BP 
1 
2-75 

100 100 
5 5 
10 10 
20 -- 
6 6 
0s 20 
3 -- 
1 1 
2 2 
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TABLE IX 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Compound R=193 

Polymer (K-17217) 
SAF Black 
FEF Black 
Austin Black 
Stan Mag ELC 
Cab-O-h. te p-4 
Chem-L1nk 30 
(8-HQ) Zn 
Dicup ~OC 

Monsanto Rheometer Cure(l) 
@ 33Y'F 
Time to 2 pto Rise (min.) 
Time to Optimum Cure(min .. ) 
Minimum Torque (ip) 
Maximum Torque (ip) 
Cure Rate Index 
@ 3700 F 
Time to 2 pt$ Rise (min.) 
Time to Optimum Cure(mino) 
Minimum Torque (ip) 
Maxinum Torque dp) 
Cure Rate Inu. . ..;;c 

Stress~Strain 

Press Cure (min. @ 370°F) 
Post Cure (24 hr~ @ 212°F) 
10% M (psi) 
50% M (pSl.) 
100% M (psi) 
Tensl.le Strength (psi) 
~(%) 
% Tens~on Set (@ Break) 

Aged Stress-Strain 

-225 

100 
5 

10 
20 

6 

1 
3 

3.2 
15.3 

7 .. 0 
15.7 
8.2 

1.6 
5.5 
8~0 

16.0 
25.3 

6 

75 
334 
804 

1234 
147 

4 

Press Cure (min. @ 370°F 6 
Post Cure (24 hr,/212°F) 
10% M (pSl. )(Unaged) 75 

240 hr. @ 275°F(Air) 117 
672 hr" @ 275°F II (2)30 
360 hr~ @ 275°F (HF) 30 
672 hr o @ 275°F II 37 
240 hr 4 @ 300°F (Air) III 
240 hr .. @ 350°F" 56 

-226 

100 
10 
10 
20 

6 

4~5 
22.3 

8,,0 
1408 
5 .. 6 

1 .. 6 
5.7 

10 .. 0 
1602 
24.4 

6 

74 
267 
659 

1354 
190 

7 

6 

74 
126 

38 
35 
33 

114 
59 

-102-

-227 

100 
5 

10 
30 

6 

306 
15 .. 3 

700 
14.7 
8.5 

1.6 
5.8 
8 .. 6 

15.5 
2308 

6 

89 
404 
878 

1228 
145 

6 

6 

89 
130 

31 
33 
33 

110 
55 

-218 

100 
5 

10 
20 
6 

3 
1 
2 

1.6 
17 .. 8 
7.2 

16 .. 5 
6.1 

0.9 
7.8 
8.0 

16.0 
14.5 

8 

96 
397 
960 

1229 
137 

2 

8 

96 
136 
III 
51 
34 

118 
83 

-219 

100 
5 

10 

6 
20 

1 
2 

4.2 
15,,3 
8.0 

15.6 
9.0 

1.1 
4.3 
7.5 

14.8 
31.2 

6 

67 
279 
808 

1359 
137 

8 

6 

67 
96 
30 
29 
31 

101 
78 



TABLE IX (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BI&X-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

compound R-193 -225 -226 -227 -218 -219 

360 hr, @ 275OF 
672 bra @ 2"75OF 
240 hs, 8 2'7'5OF 
2&l hr, 8 350°F 

100% M (psi)(Unaged) 
240 hr, @ 275OF 
672 hr, 8 275OF 
360 hro 8 275OF 
672 hr, d 275°F 
240 hr, @ 275OF 
240 hr, 0 350°F 

(Air) z 

(;F+2) 
197 
215 

({ir) :;8' 
127 

804 
(Air) 889 

(&(z) 502 
436 

Tensile Strength (psi)(Unaged) 
1234 

240 hro 8 275OF 
672 hr, @ 275OF 
360 hr, @ 275OF 
672 hr, 8 2750~ 
240 hrs @ 275OF 
240 hr., 8 350°F 

(Air) 1139 

&)(2) 20' 
II 639 
(Air) 761 
II 242 

75°F 
672 bra Q 275OF 
360 hr, 6 275OF 
672 hr, 8 275OF 
240 hro Q 300°F 
240 hr, Q 350°F 

147 
(Air) 135 

(L(2) 
193 
177 

II 170 
(Air) 147 
11 170 

672 hr, 8 275OF " 
360 I-m, @ 275OF (Hd2) 
672 kr, @ 275OF " -- 
240 hr, d 3QO°F (Air) 4 
240 hr. 8 350°F " 15 

267 
380 
212 
173 
132 
275 
82 

659 
738 
451 
313 
224 
453 
98 

1354 
1135 
808 
557 
392 
657 
110 

190 
177 
125 
202 
215 
185 
175 

; 
7 
$1 
WV 
7 
26 

404 
470 
225 
209 
189 
311 
107 

ii;; 
515 

;:; 
504 
146 

1228 
1050 
772 
578 
484 

:z; 

145 
140 
185 
180 
182 
143 
167 

6 

; 
7 
_- 
4 
12 

gz 

:z 
187 
342 
146 

960 
1023 
703 
464 
332 

z;i 

1229 
1191 
918 

s;; 
730 
205 

137 
132 
162 
150 
172 
147 
142 

2 
2 
3 
7 
Pm 
4 
7 

279 

:i; 
185 
149 
316 
174 

808 
758 
442 
417 
298 
717 
287 

1359 
1331 
1197 
948 
680 
1167 
438 

137 
150 
187 
167 
193 
152 
180 

8 
9 
12 
10 
-- 
11 
13 
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TABLE IX (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Compound R-193 -225 -226 -227 -218 -219 

Ased Stress-strain 
50% M (Esi) (Una~d) 334 267 404 397 279 

240 hr~ @ 275°F (Air) 448 380 470 504 317 
672 hr~. @ 275°F " 197 212 225 360 165 
360 hr. @ 275°F (HF/2 ) 215 173 209 266 185 
672 hr .. @ 275°F " 209 132 189 187 149 
240 hro @ 275°F (Air) 338 275 311 342 316 
2l~O hr o @ 3500 F " 127 82 107 146 174 

100% M (Esi)(Unased) 804 659 878 960 808 
240 hr0 @ 275°F (Air) 889 738 845 1023 758 
672 hr~ @ 275°F " 502 451 515 703 442 
360 hr~ @ 275°F (HF) (2) 436 313 379 464 417 
672 hr~ @ 275°F " 397 224 328 332 298 
240 hrQ @ 275°F (Air) 586 453 504 597 717 
240 hro @ 3500 F " 185 98 146 198 287 

Tensile Strensth (Esi )(Unased) 
1234 1354 1228 1229 1359 

240 hr, @ 275°F (Air) 1139 1135 1050 1191 1331 
672 hr. @ 2750 F" 949 808 772 918 1197 
360 hr~ @ 2750 F (HF)(2) 760 557 578 584 948 
672 hro @ 275°F " 639 392 484 436 680 
240 hr .. @ 275°F (Air) 761 657 592 730 1167 
240 hr .. @ 3500 F " 242 110 162 205 438 

~ (%) (Unased) 147 190 145 137 137 
240 hro @ 275°F (Air) 135 177 140 132 150 
672 hr., @ 275°F " 193 125 185 162 187 
360 hr o @ 275°F (HF) (2) 177 202 180 150 167 
672 hro @ 275°F " 170 215 182 172 193 
240 hr c @ 3000 F (Air) 147 185 143 147 152 
240 hr", @ 350°F " 170 175 167 142 180 

% Tension Set (@ Break) (Unased)4 7 6 2 8 
240 hro @ 275°F (Air) 5 7 9 2 9 
672 hr~ @ 275°F " 5 7 5 3 12 
360 hro @ 2750 F (HF)(2) 6 11 7 7 10 
672 hr Q @ 275°F " 
240 hr.. @ 3000 F (Air) 4 7 4 4 11 
240 hr~ @ 3500 F " 15 26 12 7 13 
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TABLE IX (CONTINUED) 

COMPGUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BTLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

-226 -227 -218 -219 Compound R-197, -225 A 

Shore A Hardness 
Press Cure - x6* @ 370°F 
Post Cure - 24 hr, @ 212OF 
Unaged 51 

21tO inrj @ 275OF (Air) 53 
672 hr, c3 2750~ 11 
360 hr, 8 275°F (HFJc2' 
672 hre @ 275OF " 49 
240 hr, @ 300°F q1 55 
240 Itzr, Q 350°F '( 45 

% @OMpa ‘essp*n set (3) c4 ‘r 
770 hr, 8 2’75°F) 32 54 39 25 33 

) 74 112 79 76 88 

Abrasxve Index 
(41(5Z 

(ASTM c-lQ?YJ- 
59 84 57 97 100 

Fluid Resistance 
70 hr, @ 73°F 
ASTM FtmY C 

% Wt, Change 
% Vol, SwelE. 
'% Extracted 

3.30 g-48 3.50 V-15 8040 7.70 ;*z 
l-15 1018 1.,00 1:10 

2.46 
7.49 
1035 

Mil-H-5606-C 
% Wt, Change 
% Vol, Swell 
% Extrae;fLed 

0.: 00 0.302 O”O0 -0-02' o-00 
-0, ~6 -on04 OD37 OS00 0.04 
o,a6 0,18 0,oo 0015 o-18 

MGH-5606-c 
% Wt, Chanfw -0070 -a+38 -CL43 -no30 -2,50 

loI6 l-96 I,* 54 -0-04 O-33 
o*q6 o-64 0,67 1.33 1.67 

$6 voi, Swel* -9 

$ Extracted 
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TABLE IX (CONTINUED) 

C0l4POUNDING STUDIES TO IMPROVE HARDNESS AND l'EAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Compound R=193 -225 ~,226 -227 -218 -219 

Shore A Hardness 
Press Cure = IE;' @ 370°F 
Post Cure = 24 hr. @ 212°F 
Unaged 51 52 53 53 44 

240 hr, @ 275°F (Air) 53 55 58 56 45 
672 hr. @ 275°F " 55 58 59 57 49 
360 hr, @ 275°F (HF)(2) 48 49 49 53 53 
672 hr, @ 275°F " 49 48 51 53 40 
240 hr. @ 300°F " 55 55 55 57 43 
240 hr. @ 350°F II 45 47 50 52 40 

(3)(4 ) % ComEresslon Set . 
(70 hr. @ 2'75°F) 32 54 39 25 33 

Tear Strens:th (EEl.)(@ 73O F)4) 74 112 '79 76 88 
(ASTM D-369" Die B) 
Abraslve Index(4)(5) 59 84 
(ASTM D-1630) 

57 97 100 

Fluid Resistance 
70 hr, @ 73°F 
ASTM Fuel C 

% Wt, Change 3.30 3~48 3.50 3.17 2.46 
% VoL Swell 9,,15 8040 7.70 7.80 7.49 
% Extracted L15 L18 1000 1.10 1,,35 

Mil-H-5606-c 
% wt" Change 0,00 0002 0000 -0~02' 0.00 
% Vol, Swell -0~16 =0~O4 0,37 0.00 0.04 
% Extract.ed 0 .. 16 0,18 0,00 0.15 0.18 

240 hr. @ 2?5°F 
Mil-H-5606-c 

% Wt, Change -0.70 -0·38 -0,,43 -1030 -2.50 
% Vol. Swell 1.16 L96 1.,54 -0.,04 0.33 
% Extracted 0.96 0.64 0.67 1,33 1.67 



TABLE IX (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Compound R-193 -225 

Your& Bending Modulus (psi) 
@ 2ooc 861 

0 707 
-20 776 

It: 
896 
1205 

-50 1879 
-60 7458 
-67 78892 
Recovery (psi> 776 
YMI (oc) -62 

-226 -227 -218 -219 

894 

12; 
1341 
2313 
3245 
12039 
109312 
lo48 
-59 

801 863 568 
746 1001 607 
801 1196 665 
845 1359 712 
1803 1933 1118 
2496 29% 1619 
9771 lo466 6215 

105777 98688 86095 
801 1196 665 
-61 -60 -63 

(1) Mini-Die, lo Arc, 100 rpm 
(2) Hydraulic Fluid - Mil-H-5606-C 
(3) ASTM D-39.5, Method B, 25% Deflection 
(4) Press Cure - 12' @ 370°F, Post Cure - 24 hr. 8 212OF 
(5) Test run on YMI specimens 
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TABLE IX (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE HARDNESS AND TEAR STRENGTH OF 
CARBON BLACK-REINFORCED PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

ComEound R-193 -225 -226 -227 -218 

I Bendins: Modulus (Esi) Youns:s 
@ 200 C 861 894 801 863 

0 707 901 746 1001 
-20 776 1048 801 1196 
-30 896 1341 845 1359 
-40 1205 2313 1803 1933 
-50 1879 3245 2496 2990 
-60 7458 12039 9771 10466 
-67 78892 109312 105777 98688 
Recovery (psi) 776 1048 801 1196 
YMI (oC) -62 -59 -61 -60 

(1) Mini-Die, 10 Arc, 100 rpm 
(2) Hydraulic Fluid - Mil-H-5606-c 
0) ASTM 0-395, Method B, 25% Deflection 
(4) Press Cure - 12' @ 3700 F, Post Cure - 24 hr. @ 212°F 
(5) Test run on YMI specimens 

-l05~ 

-219 

568 
607 
665 
712 

1118 
1619 
6215 

86095 
665 
-63 



TABLE X 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Compawd R-193 -228 -229 -- 

Polymer (K-17217) 100 100 

Quso WR 82 30 Stan Mag ELC 6 3:: 
Stabilizer l 2 2 
Silastic 410 _- 15 
Dicup 40C 1 1 

Rubber Mill Processing d 130°F 

Release Poor Fair 
Split to both rolls Yes Yes but better 
Green Strength Good Good 
Nerve (smoothness) Fair Good 

Stress-Strain (Dumbbel1)(0.040" thick) 

Press Cure - 15' @ 370°F 
Post Cure - 4 hr. d 350°F 
50% M (psi> 
100% M (psi) 
Tensile Strength (psi) 
Eb (%:) 
% Tension Set (8 Break) 

Shore A Hardness(') 

Compression Set(l) 
(70 hr. 0 275°F) 
Cylinder 
Plied Disk 

457 692 
1248 1367 
1609 1497 
l43 115 
10 7 

55 70 

28 24 
35 32 

Tear Strength (ppi)(Die B) 112 107 

NBS Abrasive Index 110 -_ 

* Bis(%-hydroxgq~inoline Zihc)IT 
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TABLE X 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Com..E0lind R-193 

Polymer (K-l?217) 
Quso WR 82 
Stan Mag ELC 
Stabilizer • 
Silastic 410 
Dicup 40C 

Rubber Mill Processing @ 130°F 

Release 
Split to both rolls 
Green strength 
Nerve (smoothness) 

-228 

100 
30 
6 
2 

1 

Poor 
Yes 
Good 
Fair 

Stress-Strain (Dumbbell)(0.040" thick) 

Press Cure - 15' @ 3700 F 
Post Cure - 4 hr. @ 350°F 

50% M (psi) 
100% M (psi) 
Tensile Strength (psi) 
Eb (%) 
% Tension Set (@ Break) 

Shore A Hardness Cl ) 

Compression Set(l) 
(70 hr. @ 275°F) 

Cylinder 
Plied Disk 

Tear Strength (ppi)(Die B) 

NBS Abrasive Index 

457 
1248 
1609 

143 
10 

55 

28 
35 

112 

110 

.. Bis(8-hydroxyquinoline Zinc)II 

~lo6-

-229 

100 
30 
6 
2 

15 
1 

Fair 
Yes but better 
Good 
Good 

692 
1367 
1497 

115 
7 

70 

24 
32 

107 



TABLE X (CONTINUED) 

PHOSPHONPTRILIC FLUORQELkSTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Compound R-193 -228 

Young 6 Modulus in Flexure (psi) (1) - 

d 2ooc 918 
0 983 

-20 1139 

-c 1335 1835 
1: 13218 3671 

-67 107707 
Recovery (psi> 1180 
YMI ("C) -59 

Shore A Hardness (Unaged) 55 

Aged 240 hr, @ 275OF (Air) 
: 672 hro @ 275OF I1 

672 hr, Q 300°F I' 
336 hr, @ 350°F " 
360 hr, @ 275OF (HF+2' 

2: 
55 

672 hr, 0 275OF fl 53 

-229 

e- 
e- 
o- 

-- we 
0s o- 

-- 
_- 
oe 

-- 

P_ 
-- 
-- 
-- 
-- 
-- 

Aged Stress-Strain (Cut-Ring) 
Rings cut from 6t~x6%0.075f~ slabs 
Presas Cure - 15' @ 37O*F 
Post Cure - 4 hro Q 350°F __ 

672 hr, Q 275*F 'I 
360 hr, Q 275°F (HF)'2' 
672 hr, Q 275OF " 
240 hr, 6 300°F (Air) 
672 hr, @ 300°F 'T 
240 hr, 0 350°F I1 
336 hr, @ 350°F )D 

if.$X$$ 
@ 275‘=F (Air) 

104 
169 
139 
218 

Dumbbell (cut 
from same slab) 

228 355 
307 
w%_ 
234 
_- 
322 

3G 
Y_ 

759 

TABLE X (CONTINUED) 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Com;eound R-193 -228 -229 

Young~ Modulus in Flexure ( . ) (1) 
ES1 

@ 20°C 918 
0 983 

-20 1139 
-30 1335 
-40 1835 
-50 3671 
-60 13218 
=67 107707 

Recovery (psi) 1180 
YMI (oc) -59 

Shore A Hardness (UnaEed) 55 
Aged 240 hr .. @ 275°F (Air) 62 

672 hro @ 275°F " 60 
672 hr~ @ 300°F II 62 
336 hra @ 350°F " 62 
360 hr. @ 2750F (HF)(2) 55 
672 hr.. @ 275°F " 53 

Ased Stress-Strain (Cut-RinE) 
Rings cut from 6"x6"xO~075" slabs 
Press Cure - 15' @ 370°F 
Post Cure - 4 hro @ 350°F 
50% M (;esi)(UnaEed) 104 228 
Aged 240 hr~ @ 275°F (Air) 169 307 

672 hr~ @ 275°F " 139 
360 hrw @ 275°F (HF) (2) 118 234 
672 hr" @ 275°F " 88 
240 hrQ @ 300°F (Air) 322 
672 hr .. @ 3000 F If 175 
240 hr" @ 350°F " 309 
336 hro @ 3500 F " 152 

100% ~Jp~2JU~~2)" "~29 478 
Aged 2 hr" @ 275°F (Ai:r') ,507 630 

672 hrw @ 275°F OIl 451 ,. .... "'t 

360 hr" @ 275°F (HF) ,,~J y'q 447 :')j 

672 hI'" @ 275°P If 2.53 
240 hI'" @ 3000 F (Ail') 5''/7 
672 hr~ @ )OO0F' ~ I 45:~ 
240 hy'" g 350'<F 11 £'1 q ._,.; 

3:36 hy" @ 350°F H 4,3[; 

Dumbbell (cut 
from same slab) 

355 

759 



TABLE x (O~NTINUED) 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Compound R-193 -228 

Aged Stress-Strain 
Tensile Strength (psi)(Unaged) 
Aged 240 hr, @ 275*F (Air) 

1109 
1115 
1076 
1063 
842 

849 
_... 

1034 

- 
672 hr. d 2750~ 
360 hr. 8 275°F 
672 hr, Q 275OE 
2i;c) hr. 8 :~OO*F 
672 hr, @ 3000~ 
240 hr, Q 3,50*F 
336 hr. @ 33O*F 

Fib (“A;) (Unaged) 
Aged 240 hr, @ 275*F 

672 hr, @ 273*F 
360 hr, 8 273*F 
672 hr, @ 275*F 
240 hr. @ 300°F 
672 hr. @ 300°F 
240 hr, @ 350°F 
336 hr. @ J30°F 

Fluid Resistance(l) 
70 hr, @ 73*F 
ASTM Fuel C 
% kit. Change 
91, Vol.. Swell 
% Extracted 

MI.l-H-5606-C 
% Wt. Change 
% vo3, Swell 
% Ext:r-acted 

220 
200 
204 
248 
292 

_.. 

200 
__ 

229 

4.61 8.82 
!.2.53 20.57 
1.38 1.62 

0,18 2-97 
0*53 6.15 
0.21 0.14 

(1) Press Cure - 15' Q 37O*F, Post Cure - 4 hr. @ 350*F 
(2) HF - Hydraulic Fluid Mll-H-3606-C 

-229 
Dumbbell (cut 
from same slab) 

900 1344 
1028 
_- 
751 
-- 
758 

986 
_- 

179 
176 
-_ 
191 
-- 

159 
-_ 
175 
_- 

180 
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TABLE x (CONTINUED) 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 
SUBMITTED TO PARKER SEAL FOR EVALUATION IN SECOND QUARTER 

Compound R-193 

A ed Stress-Strain 
Tensile Strength psi) (Unaged) 
Aged 240 hr. @ 275°F (Air) 

672 hr. @ 275°F " 
360 hr. @ 2750F (HF)(2) 
672 hr. @ 275°F " 
240 hr. @ 300°F (Air) 
672 hr o @ 3000 F 11 

240 hr. @ 3.50o F 11 

336 hr. @ 350°F " 

Eb (%) (Unaged) 
Aged 240 hr_ @ 275°F 

672 hr. @ 275°F 
360 hr$ @ 275°F 
672 hr~ @ 275° F 
2 l fO hr. @ 300°F 
672 hr. @ 300°F 
240 hro @ 350°F 
336 hr. @ 350°F 

Fl °d R . t (1) ill. es1.S ance 
70 hr. @ ?3°F 
ASTM Fuel C 

% Vit. Change 
% Vol" Swell 
% Extracted 

Mil-H-5606~c 
% Wt. Change 
% Vol. Swell 
% Extracted 

(Air) 
" (HF) (2) 

" 
(Air) 

" 
" 
" 

-228 

1109 
1115 
1076 
1063 

842 

849 

1034 

220 
200 
204 
248 
292 

200 

229 

4.61 
1.2.53 
1.38 

0.18 
0.53 
0.21 

(1) Prrass Cure - 15' @ 370°F, Post Cure - 4 hr. @ 3500 F 
(2) HF - Hydraul1.c Fluid M1.1-H-5606-c 

-108-

-229 

900 
1028 

751 

758 

986 

1'79 
176 

191 

159 

175 

8.82 
20.57 
1.62 

2.97 
6.15 
0.14 

Dumbbell (cut 
from same slab) 

1344 

180 



TABLE XI 

PHOSI'HONITRILIC FLUOROELASTOMER O-RING COMPOUND 
SENT TO THE ARMY (WATERTOWN) FOR ENVIRONMENTAL TESTING 

Compound R-193234 

Polymer (~-17638) 100 
Quso WR 82 30 
Stan Mag ELC 6 
Stabilizer(l) 2 
Dicup 4OC 0.75 

Mixing 10 Brabender mixes of masterbatch were made. The stabilizer 
and peroxide were then added to the masterbatch on a mill 
to give 1387 g. of compound. 

Stress-Strain 
Press Cure (min, @ 3200~) 45 60 
Post Cure (24 hr. 8 212OF) 
Slab Thickness (in,> 
Test Specimen(2) 

0.050 0.075 

50% M (psi> 
.SJz#G 

"$Y w +i 

100% M (psi> 628 489 517 721 598 438 
Tensile Strength (psi> 1161 925 1150 1157 1040 1175 
Eb (%> 180 197 210 175 195 227 
% Tension Set (@ Break) 11 12 -- 7 14 -- 

Shore A Hardness 65 

Compression Set 
70 hr, @ 275OF 34 

300°F 
325OF 

NBS Abrasive Index 

38 

Young6 Modulus in Flexure 
B 20°C 

0 
-20 
-30 
-40 
-50 
-60 
-67 
Recovery (psi) 
YMI 10@> 

ydroxyquinoline Zinc)(II> 

1110 

1547 
1654 
l-713 
3108 
4724 
11242 

(2) DB = Dumbbell; WG = with mill grain; AG z against mill grain; 
K := cllt rir;g, 

-log- 

TABLE XI 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUND 
SENT TO THE ARMY (WATERTOWN) FOR ENVIRONMENTAL TESTING 

,fompound 

Polymer (K-17638) 
Quso WR 82 
Stan Mag ELC 
Stabilizer(l) 
Dicup 40c 

R-193234 

100 
30 

6 
2 
0.75 

Mixing 10 Brabender mixes of masterbatch were made. The stabilizer 
and peroxide were then added to the masterbatch on a mill 
to give 1387 g. of compound. 

Stress-Strain 
Press Cure (min. @ 320°F) 
Post Cure (24 hr. @ 212°F) 
Slab Th~ckness (in.) 
Test Specl.men(2) 

50% M (psi) 
100% M (psi) 
Tensile Strength (psi) 
Eb (%) 
% Tension Set (@ Break) 

Shore A Hardness 

Compress~on Set 
70 hr. @ 275°F 

3000 F 
325°F 

NBS Abrasive Index 

Youngb Modulus in Flexure 
@ 200 e 

o 
-20 
-30 
-40 
-50 
-60 
-67 
Recovery (psi) 
YMI (oe) 

DB,WG 
258 
628 

1161 
180 

11 

45 

0.050 
DB 1 AG 
216 
489 
925 
197 

12 

65 

34 
38 
39 
88 

1110 
1547 
1654 
1713 
3108 
4724 

11242 
75376 
1635 
-60 

111 Bis(B:hydroxyquinoline Zl.nc)(II) 

R 
193 
517 

1150 
210 

DB,WG 
279 
721 

1157 
175 

7 

60 

0.075 
DBtAG 
2 8 
598 

1040 
195 

14 

R 
16I 

438 
1175 

227 

(2) DB:-: Dumbbell; WG :::: with mill grain; AG ;:: against mill grain; 
R :~ cut ring~ 

-109-



TABLE XI (CONTINUED) 

@HOsPHoNITRILIC FLUOROELASTOMJB O-RING COMPOUND 
SENT To THE AMY (WATERTOWN) FOR ENVIRO~ENTAL TESTING 

CompoPrnr% R-193234 

Stress-Strain 
Cut from 0,075s' thick slabs 
Press Culre - 60, @ 320°F 
Post Cure - 34 hr, Q 212OF 
50% M (psi)(Unaged) 161 

2m*o hr, @ 300°F 
279 

239 462 
336 hy, @ 300°F 226 369 
240 hr, @ 35OOF 241 
336 hr. 

356 
@ 350°F 201 259 

336 hr, @ 3o0°F 
240 hr, @ 350°F 
336 hl-* @ 350°F 

Tensile Strength (psi)(Unaged) 1175 
240 hP, @ 300°F 

1157 
1159 

336 hr. @ 300°F 
1236 

1052 1110 
240 hi", 8 35O"F 778 812 
336 hr, @ 350°F 597 595 

336 hr, @ jOo°F 
240 hi, 8 350°F 
336 hi, @ 350°F 

336 tP* @ 300°F 
240 hr, @ 35OoF 
336 hS@. d 350GF 

Rina; Dumbbell 

438 721 
614 978 
605 805 
519 700 
414 451 

227 
213 
192 
173 
166 

175 
150 
170 
135 
170 

_- 
we 

7 
11 
-- 

8 
23 
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TABLE XI (CONTINUED) 

PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUND 
SENT TO THE ARMY (WATER/fOWN) FOR ENVIRONMENTAL TESTING 

Compou~ R-193234 

Stress-Strain 
Cut from 0~075i1 thick slabs Ring Dumbbell 
Press Cure - 60' @ 3200F 
Post Cure - 34 hr" @ 212°F 
50% M (Esi)(Unased) 161 279 

240 hr> @ 3000F 239 462 
336 hr$ @ 3000 F 226 369 
240 hr. @ 3500F 241 356 
336 hr. @ 3500F 201 259 

100% M (Esi)(Una~ed) 438 721 
240 hr. @ 3000F 614 978 
336 hr. @ 3000F 605 805 
240 hr" @ 3500 F 519 700 
336 hr~ @ 3500 F 414 451 

Tensile Stren&th (Esi)(Una~ed) 1175 1157 
240 hro @ 3000 F 1159 1236 
336 hr. @ 3000 F 1052 1110 
240 hr,. @ 350°F 778 812 
336 hr. @ 3500F 597 595 

Eb C%). (Unaged) 227 175 
240 hr. @ 3000F 213 150 
336 hr" @ 3000 F 192 170 
240 hr. @ 3500F 173 135 
336 hr. @ 3500 F 166 170 

% TenSlon Set (@ Break)(Una~ed) 7 
240 hr o @ 3000 F 11 
336 hr. @ 3000 F 
240 hr, @ 3500 F 8 
336 hr a @ 3500 F 23 
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TABLE XII 

COMPOUNDING STUDIES TO IMPROVE CUT-RING STRESS~ST'R!\.IN PHOPERTIES 

GcmtJo~n1 'h-w19'~ ___ ..!i.. . =23; 

Po~ymer (K-·.l.~ ~,,' 

QU80 WR. 82 
Stan Hag ELC 
Stabilizer{L, 
Dicup 40c 

100 

6 
2 
1 

(~, 
Stress-Strain ~) 

(4' 
J3) DB' I 

I Press Cure - 60 1 @ ,20°F 
~~ Post Cure - 4- hre @ 350°F 
r 50% M (psi) 28 

100% twt (psi) 85 
Tensile Strength(psi) 274 
E;b (%.i 161 
% Tension Set(@ break) 

Shore A H8_rdness 30 

61 73 
185 224 
311 289 
130 135 

:2 1 

(1) Eis(8-hydroxyquinoline Zinc)(II) 

-236 

100 
20 
6 
2 
1 

DB 
R WG AG ---

151 389 256 
622 1103 679 

1262 1300 1001 
150 120 160 

4 7 

57 

(2) Speci.mens cut from 0.075" thick slabs 

-237 

100 
25 

6 
2 
1 

DB 
R WG AG ---

207 444 322 
717 1231 778 

1398 1517 1147 
161 130 155 

6 10 

65 

-238 

100 

R 

30 
6 
2 
1 

DB 
WG AG ---

286 550 429 
839 1111 831 

1238 1247 1057 
151 135 160 

12 13 

72 

(3) R = cut ring; DB = dumbbell; WG = with mill grain; AG = against mill grain 

-239= 

10C 
.30 

6 
2 
2 

R 
DB 

WG AG ---

486 796 730 

1285 1239 1087 
105 100 100 

11 9 

75 



TABLE XIII 

EVALUATION OF QUSO ~-32 TREATED WITH A 
SILANE COUPLING AGENT (DOW CORNING A-174) 

Compound R-193 -255 

Polymer (~-17638) 100 
Quso G-32 

(1) 3o Q~SO G-32 (Silane-Treated) -- 
Stan-Mag ELC 6 
(8-HQ) Zn (Stabilizer) 
Dieup $OC 

2 
1 

Stress-Strain 
Press Cure - 301 8 3200~ 
Post Cure - 4 hr, @ 350°F 
10% M (psi) 163 
50% M (psi) 452 
100% M (psi) 839 
Tensile Strength(psi) 991 
Eb (%) 140 
% Tension Set (@ Break) 18 

73 Shore A Hardnessc2) 

Compression Set c%)(2) 
70 hr, @ 275OF 75 

Tear Strength (ppi)(Die B)(2) 
@ 73OF 93 

NBS Abrasive Index 33 

Aged Stress-Strain 
Press Cure - 30" 8 320°F 
Post Cure - 4 hr, @ 3,5O*F 
10% M (psn)(Unaged) 100 
Aged 240 hr, d 300°F 112 

48 hr., 8 j50°F 
240 hr, @ 350°F 
336 hr, Q 350°F 

50% M (psij(Unaged) 510 
Awed 240 hr* @ 300°F 553 

48 hr, d 350°F 439 
240 hr. 8 350aF 336 
336 hr, @ 350°F 311 

-256 -257 

100 100 

30 
6 
2 
1 

180 
432 
732 
858 
135 
8 

70 

71 83 

98 89 

41 

94 
117 
58 
109 
119 

492 
475 
335 
320 
295 

3: 
s- 

1 

214 

$s9 
956 
105 
8 

73 

39 

133 
127 
70 
120 
168 

511 
465 
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TABLE XIII 

EVALUATION OF QUSO 0-32 TREATED WITH A 
SILANE COUPLING AGENT (DOW CORNING A-174) 

Compound R-193 -255 -256 ~257 

Polymer (K-17638) 100 100 100 
Quso G-32 (1) 30 
Quso 0-32 (Silane-Treated) -- 30 30 
Stan-Mag ELC 6 6 6 
(8-HQ)~Zn (Stabilizer) 2 2 
Dicup OC 1 1 1 

Stress=Strain 
Press Cure - 30' @ 3200 F 
Post Cure - 4 hr~ @ 3500 F 
10% M (psi) 163 180 214 
50% M (psi) 452 432 529 

100% M (psi) 839 732 928 
Tensile Strength(psi) 991 858 956 
Eb C%) 140 135 105 
% Tension Set (@ Break) 18 8 8 

(2 ) Shore A Hardness . 73 70 73 

ComEression Set (%)(2) 
70 hr. @ 275°F 75 71 83 

Tear Strength (EEi)(Die B)(2) 
@ 73°F 93 98 89 

NBS Abras1ve Index 33 41 39 

Ased Stress~Strain 
Press Cure = 30' @ 3200 F 
Post Cure = 4 hr~ @ 3.50°F 
10% M (Es1)(Una5ed) 100 94 133 
Aged 240 hro @ 3000 F 112 117 127 

48 hro @ 3500 F 57 58 70 
240 hr ... @ 3500 F 89 109 120 
336 hr~ @ 3500 F 141 119 168 

50% M (Esi)(Una~ed) 510 492 511 
Aged 240 hr~ @ 3000 F 553 475 465 

48 hr .. @ 3500 F 439 335 290 
240 hr. @ 3500 F 336 320 
336 hr. @350o F 311 295 
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TABLE XIII (CONTINUED) 

K&LUATiON OF QIJSO G-32 TREATED WITH A 
SILANE COUPLING AGENT (DOW CORNING A-174) 

Compourld R-194 -255 -256 -257 

1001 
8% 

48 hr, @ 3500~ 8ig 
240 hr, @ 35OOF __ 
336 h-c, @ 350°F n- 

Tensile Strength (psi)(Unaged) 
1175 

Aged 240 hr. 8 3OO*F 895 
$8 hr, 8 35OOF 839 

240 hr.. @ 35uOF 463 
336 hr, @ 35OOF 321 

130 
100 

48 hr, @. 300°F 
2!+0 hr. 8 300°F 
336 hr., @ 3OO*F 

% Tension Se& (@ Break)(Unaged) 
12 

Aged 240 hr, @ 300°F 
48 hr, 8 35OOF 

240 hr~ 8 350UF 12 
336 hr. @ 35~~ 14 

andling Modulus (psi) 

@ 2ooc 2153 

810 737 

544 4;; 
Ob -_ 

87 
8 
12 
12 

2455 2885 

772 
625 
458 
267 
246 

115 
105 
125 

45 
40 

10 
12 
13 
15 
16 

__I-- .-- 

(1) Qutio ‘G-jr (100 g) was treated with Union Carbide Silane (A-174) (20.0 Q, 
19,3 ml) in methyl alcohol (1000 ml) (pH adjusted to 3 with glacial 
Jaetle aLid i , The reaction mixture was stirred for 16 hr. Q 73OF* The 
5llaca was isolated by filtration on a Btichner funnel, washed with 
methanol and hexane and then dried 5 hrs, 8 70°C in a vacuum oven, 

TABLE XIII (CONTINUED) 

EVALUATION OF QUSO G-32 TREATED WITH A 
SILANE COUPLING AGENT (DOW CORNING A-174) 

Compound R-194 -255 -256 

Ased Stress~Strain 
100% M {Esi~~Unased) 1001 810 
Aged 240 hrc @300o F 895 

48 hr~ @ 350°F 819 544 
240 hro @ 3500 F 
336 hr .. @ 3500 F 

Tensile Stren~th (,Esi) (Unas:ed) 
1175 876 

Aged 240 hre @ 3000 F 895 625 
48 hr, @350o F 839 576 

240 hr, @ 350°F 463 389 
336 hr~ @ 3500 F 321 326 

Eb C%) (Unased) 130 125 
Aged 240 hr o @ 3000 F 100 100 

,48 hr. @ 3000 F 110 125 
2i+0 hr. @ 3000 F 95 95 
336 hr. @ 3000 F 60 85 

% Tension Set (@ Break) (Unas:ed) 
12 7 

Aged 240 hro @ 3000 F 7 8 
48 hr, @ 3500 F 8 8 

240 hr. @ 3500 F 12 12 
336 hr, @ ,35QGF 14 12 

I 
Bend~n~Modulus (psi) Younss 

@ 200 C 21.53 2455 

-257 

737 

430 

772 
625 
458 
267 
246 

115 
105 
125 

45 
40 

10 
12 
13 
15 
16 

2885 

(1) Quoo G~ ,~c 000 g) was treated with Union Carbide Silane (A-174) (20.0 g, 
,1.9,2 m]) in methyl alcohol (1000 ml) (pH adjusted to .3 with glacial 
d(';etic aCld), The reaction mixture was stirred for 16 hr. @ 73°F.. The 
51.b.ca was isolated by filtration on a BUchner funnel, washed with 
methanol and hexane and then dried 5 hrs, @ 700 C in a vacuum oven" 
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COilQ3OUIld R-193.= 

PoLyPner (K-17638) 
Quso WR-82 
FEF Black 
Cab-O-lit@ P-4 
Stan Mag ELC 

TABU XIV 

COMPOUNDING STUDIES TO IWPROVX STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

3 260 261 262 26j, 264 

100 100 100 100 100 100 
25 30 e- 25 we Pm 
-_ _- 25 -- 25 
mm __ -_ 30 
6 6 6 6 

(8-HQ),Zn (Stabilizer) 2 2 2 2 2 2 
Dieup fiOC 2 2 2 2 2 2 

R::bber Mill Processing -- A11 compounds have low green strength, stick to mill roP1s and have generally 
poor processing characteristics. 

Monsanto Rheometer Cure(') 
4 

F Q Time 335OF to 2 pt. Rise (min.> 1.7 1.6 2.4 1.8 2.1 
a Time to Optimum Cure (min.) 11.0 13.0 12.5 10.5 10.8 ;:z 

Minimum Torque (ip) 7.4 8.0 8.3 7.9 8.9 6.8 
Maximum Torque (ip) 24.2 27.5 21.5 26.6 22.8 18.2 
Cure Rate Index 10.7 8.8 9.9 11.5 11.5 12.0 

8 370cF 
Time to 2 -ot. Rise (min.> 1.5 0.5 1.0 0.8 0.8 1.0 
Time to Opkmum Cure (min.) 5.3 3.5 4.0 2.7 
Minimum Torque tip) 3 9.0 9.0 8.0 7.3 
Maximum Torque (ip> 10:8 28.4 22.0 27q.3 23.0 17.7 
Cure Rate Index 5.6 20.8 40.0 31.2 37.0 58.8 

(1) Mini Die, 100 RPM, lo Arc 

TABLE XIV 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Compound R-193- 259 260 261 262 263 264 

Polymer (K-17638) 100 100 100 100 100 100 
Quao WR-82: 25 30 25 
FEF Black 25 25 
Cab-O-lite p-4 30 30 50 
stan Mag ELC 6 6 6 6 6 6 
(8-HQ).. .. Zn (Stabilizer) 2 2 2 2 2 2 
Dicup f\;oc 2 2 2 2 2 2 

H~.lbber Min ProcesBins; -- All compounds have low greell strength9 stick to mill rolls and have generally 
poor processing characteristics. 

Monsanto Rheometer Cure 
(1) 

~ @ 335°F /-' 
I-' Time to 2 pt. Rise (min.) 1.7 1.6 2.4 1.8 2.1 1.5 -I:-
i Time to Optimum Cure (min.) 11.0 13.0 12.5 10e5 10.8 9 .. 8 

Minimum Torque (ip) 7.4 8.0 8.3 7 .. 9 8.9 6.8 
Maximum Torque (ip) 24.2 27.5 21.5 26~6 22.8 18 .. 2 
Cure Rate Index 10.7 8.8 9.9 11.5 11.5 12.0 

@ 3700 F 
Time to 2 pt. Rise (min.) 1.5 0.5 1.0 0.8 0 .. 8 1.0 
Time to Optimum Cure (min.) 9.5 5.3 3.5 4.0 3 .. 5 2~7 
Minimum Torque (ip) 4.8 9.0 9.0 8&0 9.0 7.3 
Maximum Torque (ip) 10.8 28.4 22.0 27.·3 23.0 17.7 
Cure Rate Index 5.6 20.8 40 .. 0 31.2 37.0 58.8 

(1) Mini Die, 100 RPM, 1° Arc 



TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

260 261 262 264 

R DB R DB R -- --- 
,t2) ,139 
-- 

Compound R-193- 

R DB R DE -- _I Stress-Strain 
Press Cure - 30' d 3200~ 

DB 

Post Cure - 4 hrsO 8 350°F 
50% M (psiS 
100% M (psii 
Tensile Strength (psi) 
F'b (%> 
% Tension Set ((9 Break) 

446 207 630 
1442 926 -- 
1442 1211 1278 
PO0 136 85 
6 -_ 7 

268 450 
1023 1607 
1290 1694 
126 115 
-- "_ 

176 786 211 806 284 523 187 
745 1382 716 -- 657 -- 442 
1410 1386 991 1378 1018 726 65% 
163 m I-40 95 156 80 146 
-_ 14 _a 10 -_ 10 -- 

66 56 68 66 49 
10 10 10 10 10 

Shore A Hardness 
'Press Cure - min, @ 37O*F 

I Post. Cure w - 4 hrs. 0 35O*F 
b 
Y % Compression Setc4' 

70 hr. B 275*F 
70 hr, 8 3OO*F 
70 hr, 8 35OOF 
138 hr, @ 350°F 

28 
31 
-- 
73 

21 
25 

4;; 

25 
28 
52 
-_ 

23 

;; 
-- 

21 
20 

60 

Tear Strength (Die B)(ppi) (4a 161 204 243 135 169 87 

NBS Abrasive Index (52 30 33 57 22 27 26 

(2) DB = Dumbbell Specimen 
(3) R = Cut-Ring Specimen 
(4) Same cure conditions as for Shore A Hardness specimens. 
(5) Run on YMP block. 

I ..... ..... 
\.n 
! 

TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

ComEound R-193-

Stress-Strain 
Press Cure - 30' @ 3200 F 
Post Cure - 4 hrs e @ 350°F' 
50% M (psi) 
100% M (psi) 
Tensile Strength (psi) 
Eb (%) 
% Tension Set (@ Break) 

Shore A Hardness 
Press Cure - min .. @ 3700 F 
Post Cure - 4 hrs. @ 350°F 

% C . S t(4) omEressl.on e 
70 hr. @ 275°F 
70 hr. @ 300°F 
70 hr. @ 3500 F 

138 hr .. @ 3500 F 

Tear Strensth (Die B)(EEi)(4) 

NBS Abrasive Index(5) 

(2) DB = Dumbbell Specimen 
(3) R = Cut-Ring Specimen 

259 260 

DB(2) R(3) DB R 

446 207 630 268 
1442 926 1023 
1442 1211 1278 1290 
100 136 85 126 

6 7 

60 66 
40 10 

21 25 
25 28 

52 
48 

161 204 

30 33 

(4) Same cure conditions as for Shore A Hardness specimens. 
(5) Run on YMI block. 

261 262 263 

DB R DB R DB R 

450 176 786 211 806 284 
1607 745 1382 716 657 
1694 1410 1386 991 1378 1018 
115 163 100 140 95 156 

14 10 

56 68 66 
10 10 10 

23 35 28 
27 37 31 
55 

68 73 

243 135 169 

57 22 27 

264 

DB R 

523 187 
442 

726 657 
80 14-6 
10 

49 
10 

21 
20 

60 

87 

26 



TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Compound R-193- _259 260 261 

Aged Stress-Strain 
Press Cure-IOntin, @ 37OOF 
Post Cure - 4 hr, d 350OF 
50% M(pai) (Unaged) -_ 
-240 hr, @ 275OF (Air) 

336 hr, @ " " I' 
672 hr, @ q' " " 
1000 hr, Q " '* If 
241-5 hro 8 (' " (HFj 
360,s hPo 8 ” VP ” 
696e5 hr, @ ‘I 11 ‘f 
1000 hr, Q Iy " " 
240 hr, Q 300°F (Air) 
336 hr, @? " If ff 
672 hr. @ I' " I9 
1000 hr, @ I' '( " 

240 hr. @ 3505F 9s 
336 hr. 0 99 " I' 
672 hr. 9 I' " I' 
1000 hr, 8 " If " 
240 hr, 0 400*F 9' 

DB R DB R -- -- 

621 205 
290 

308 
380 
224 

b_ 
250 
190 
294 
_a 

256 

272 
em 

177 
-_ 

158 

727 287 
386 

406 
444 
184 

31; 
303 
375 

-a 
372 
337 
371 

a- 
231 

we 
-_ 

336 hr, 0 " " 9' 
672 hrn @ ‘1 ‘I f~ -;(6) -; 

DB R 

470 214 
237 

-- 
246 
249 
289 

-- 
153 
138 
232 

-- 
210 
242 
185 
-_ 
117 

88 
79 
-- 
D 

262 63 264 

DB R -- 

64k 338 

48; 
-_ 
-0 

;$j 

307 
-- 

472 
-0 
a- 

3s; 
em 
-- 

DB R -- 

603 274 

368 
_- 
-a 
-0 
220 
200 
161 
PP 
380 
-- 
s_ 
-a 

251 
-_ 
-- 

DB R -- 

373 121 
w- 

1.68 

_a 

121 
156 
122 

185 

145 
_P 

__ 

__ 

D 
se 

(6) Degraded - No Test 

TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Compound R-193- 259 260 261 262 263 264 

A~ed Stress-Strain DB R DB R DB R DB R DB R DB R 
Press Cure -]0 m:ino @ 370°F 
Post Cure - 4 hr~ @ 350°F 
50% M(~8i) (Una~ed) 621 205 727 287 470 214 64L. 338 603 274 373 121 
Aged 2 0 hr .. @ 2?')°F (Air) 290 386 237 

336 hr o @ " Ii II 487 368 168 
672 hra @ it II II 308 406 246 

1000 hro @ " Ii " 380 444 249 
241..5 hr c @ II " (HF) 224 184 289 
360 .. 0 hr .. @ If n " 347 220 121 
696 .. 5 hr .. @ Ii II Ii 250 317 153 376 200 156 

e 1000 hr~ @ It " " 190 303 138 307 161 122 
~ 
~ 240 hr .. @ 3000 F (Air) 294 375 232 
?' 336 hr .. @ " " " 472 380 185 

672 hr. @ " " " 256 372 210 
1000 hr .. @ II " 11 337 242 

240 hr. @ 350°F Ii 272 371 185 
336 hr. @ " " I! 387 251 145 
672 hr. @ " II " 177 231 117 

1000 hr .. @ " " " 88 
240 hro @ 400oF II 158 79 --(6) 
336 hr .. @ " " Ii D D --(6) D 
672 hr .. @ " Ii Ii D D D 

(6) Degraded - No Test 



TABLE xiv (CONTINUED) 

C0MFXXJNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RI30 SPECIMENS 

260 261 262 263 Compomd R-193- _259 264 

DB - 
Pa 

4;;; 
__ 
-a 
__ 
261 
255 
207 

4;; 
s_ 
-_ 
SW 
253 
__ 
s_ 
__ 
D 
_- 

603 503 

5% 
mm 
-_ 

3;s 
305 
240 

EE __ %5 
C~~7 

__ 

900 

694 

6;; 
504 
959 

826 
889 
700 
__ 
269 

.!z! __ 55 
1042 
-- 

1001 
996 
540 
__ 
727 
671 
977 

9;;; 
8% 
818 

DB R DB 
538 To x32 -&5 

858 

8i8 

ip849 
__ 

367 
288 
760 

650 
638 
407 
__ 

175 
103 
go 
__ 
D 

845 707 
_- P_ 672 hr, @ sf " " 

PO00 hP, @ " '9 " 
24L5 hr, 6 275OF (HF) 
360 hr, @ " " " 

696-5 hr. @ " " '1 
PO00 hr, B 'I 'Q " 
240 hr, 0 300°F (Air) 
336 hr, Q " " 'Is 
672 hro 8 " " " 
1000 hr. 0 " " " 
240 hr. 632 350°F " 
336 hr, @ I8 " " 
672 hr, 0 '( Ii " 
1ooo hr, 0 " " " 
240 hr, B 400°F '* 
336 hr, 8 v' 'v " 
672 hr. Q " v' " 

242 

6p8; 
em 

a- 

__ 

-_ __ 
SW 

_- 

we 

D 
em 

-_ De 

__ __ 
__ 

D776> 
Be 

me 

D 

1359 1287 
1256 
__ 

1089 
1165 
1005 
__ 

1010 
901 

1005 1167 
1246 
m_ 

1266 
1240 
1217 

6;; 
509 

1178 1038 
PM 
952 

1259 965 
_- 
935 
__ 

Tensile Strength (psi)(UnaRed) 1218 1245 
@ 240 hr- 63 275OF (Air) 1179 

336 hr. 0 Iv " Iv -_ 
672 hr. @ I' 7' " 1076 
1000 hr. 0 " Iv " 1123 
241.5 hro @ 275OF (HF) 1174 
360 hr. @ I' Iv Iv ma- 

696.5 hr, Q I' Iv Iv 977 
1000 hr, @ vv " 'v 831 

__ 

80; 
634 
502 

TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS=STRAIN PROPERTIES OF CUT=RING SPECIMENS 

Compound R-193- 259 260 261 262 263 264 

Ased Stress-Strain (contd~) DB R DB R DB R DB R DB R DB R 
100% M ~Esi~ tUnaged~ 905 935 ~O 1238 710 1132 hl5 3b3 
Aged 240 hro @ 275°F (Air) 'ig7 1042 858 

336 hro @ II " " 845 707 414 
672 hr" @ II " " 900 1001 818 

1000 hro @ II " " 996 789 
241,,5 hro @ 275°F (HF) 694 540 814 

360 hr .. @ If " " 605 380 261 
696.5 hr. @ \I II " 631 727 367 554 308 255 
1000 hr,. @ If Ii " 504 671 288 450 242 207 
240 hra @ 3000 F (Air) 959 977 760 

Q 

336 hr .. @ II II " 789 687 427 ..... ..... 672 hra @ /I Ii " 826 924 650 ->,) 
I 1000 hr. @ " " " 889 850 638 

240 hr. @ 3500 F " 700 818 407 
336 hr .. @ " " " 253 
672 hra @ ft Ii " 269 175 

1000 hro @ " " " 103 
240 hr. @ 4000 F " 90 
336 hro @ II II " DTb ) D D 
672 hr. @ " " " D~b) D D 

Tensile Strensth (Esi)(Unased) 1218 1245 1359 1287 1005 1167 1178 1038 1259 965 603 503 
Aged 240 hr. @ 275°F (Air) 1179 1256 1246 

336 hr. @ " " Ii 952 935 520 
672 hr. @ " " " 1076 1089 1266 

1000 hr. @ " " " 1123 1165 1240 
241.5 hr. @ 275°F (HF) 1174 1005 1217 

360 hr. @ " " " 807 547 318 
696.5 hr. @ " " " 977 1010 674 634 362 305 
1000 hr. @ " Ii " 831 901 509 502 279 240 



TABLE XIV (CONTINUED) 

Compound R-193- 259 260 261 262 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Aged Stress-Strain (eontd,) 
Tensile Strength(psi)(Unaged) 
Aged,246 hr, B W*F (Air) 

336 hr, Q ‘1 u 9T 

672 hro 8 " 'f 91 

WC90 hre @ 91 vp 19 

240 hro 6 350°F 11 

336 hr, @ " Op 9s 

672 hr, @ I9 'I 19 

loo0 hr, 0 fF 9p 9s 

240 hr, @ 400°F VI 

336 bra Q 1s '9 ‘I 

672 hr, 6 9' I' 9P 

Eh (%I (Unaged) 
Aged 240 hr, @ 275OF (Air) 

336 hr. 63 " '! If 
672 hr. @ " 9' " 
1000 hr, Q If 'f " 
241,5 hr, @ " l9 (HI!') 
360 hr, @ 's 9' 'f 

696-5 hr, @ " l' " 
1000 hr. 0 9' I' (' 
240 hr, B 300°P (Air) 
336 hr. @ 1t '8 11 

672 hr, @ )' 9' 11 

1OOcI hr. 8 'f 'f 19 

240 hr. 8 35OcF 11 

336 hr. 8 " '9 11 

672 hr, 8 Is I' I9 

1000 hr, 6 'I " 11 

248 hr. Q 400°F 'I 

336 hr. 8 " " 11 

672 hr. d l9 " 11 

DB R DB R -- -- 

1146 1138 
_- _- 

1027 1079 
1002 893 
897 914 

3z 3;; 
191 220 
158 210 
-0 -- 
D D 

76 124 
119 
-_ 
117 
125 
147 
-- 
175 
160 
116 
-- 
120 
125 
131 
-- 
135 
45 
57 
-- 

D 

87 134 
125 
-- 
110 
125 
170 
-- 
155 
142 
120 
-_ 
120 
107 
117 
-- 
100 
20 
20 
-- 

D 

DB R -- 

ll60 
__ 

1037 
936 
527 
-0 
193 
103 
90 
-_ 
D 

DB R DB R -- -- 

Sz; 8431 
P_ P_ 
OS _- 

5;; j4; 
P_ MS 
o_ -_ 
w- -0 
D D 
_- -_ 

107 126 103 145 117 160 
137 _P -- 
_- 120 147 
147 -- -- 
153 -- -- 
143 -- _P 
-- 138 173 
202 136 160 
200 125 150 
14s -- -- 
w- 110 137 
153 -- -- 
153 o- -- 
140 -- -- 
-- 90 92 
163 -- -- 
160 -- -- 
127 -- _- 
-- D D 

D -- -- 

DE R -- - 

_- 
555 
oc 
-c 
-5 
268 
a- 
-_ 
-- 
D 
we 

93 139 
-- 
130 
-- 
-e 
_- 
160 
160 
145 
-9 
140 
-- 
-_ 
-- 
120 
WV 
WV 
-- 
D 
__ 

TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

ComEound R-193- 259 260 261 262 263 264 

Ased Stress-Strain (contd~) DB R DB R DB R DB R DB R DB R 
Tensile stren!th~Esi5~una~ed) 
Aged 240 hro @ 3000 F (Air 1146 1138 1160 

336 hrc @ " !l fj 841 843 555 
672 hr" @ " tI If 1027 1079 1037 

1000 hr.a @ ti H 11 1002 893 936 
240 hr o @ 350°F " 897 914 527 
336 hr a @ II 11 II 527 342 268 
672 hro @ " " Ii 306 317 193 

1000 hro @ Ii H Ii 191 220 103 
240 hra @ 4000 F " 158 210 90 

~ 336 hro @ 1\ I! It D D D ..... 
672 hr" @ " " II D D ..... D 

00 
I 

Eb (%) (Una5ed) 76 124 87 134 107 126 103 145 117 160 93 139 
A5ed 240 hr. @ 275°F (Air) 119 125 137 

336 hr. @ " Ii " 120 147 130 
672 hr. @ " " " 117 110 147 

1000 hr. @ Ii " " 125 125 153 
24L5 hr .. @ It " (HF) 147 170 143 

360 hr" @ " " " 138 173 160 
696.5 hr. @ " " II 175 155 202 136 160 160 
1000 hr. @ " 1/ " 160 142 200 125 150 145 

240 hrc @ 3000 F (Air) 116 120 145 
336 hr a @ H Ii " llO 137 140 
672 hr. @ " " " 120 120 153 

1000 hr. @ II " " 125 107 153 
240 hr. @ 350°F " 131 117 140 
336 hr. @ " Ii " 90 92 120 
672 hr .. @ VI " " 135 100 163 

1000 hr .. @ " " " 45 20 160 
240 hr. @ 4000 F " 57 20 127 
336 hr. @ " " " D D D 

672 hr. @ " " " D D D 



TABLE XIV (CQNT?NUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Compound R-195 

Young's Bending Modulus 0 
RT (20°C) 

259 260 261 262 _2635 

1065 1081 855 1497 1310 

264 

895 

TABLE XIV (CONTINUED) 

COMPOUNDING STUDIES TO IMPROVE STRESS-STRAIN PROPERTIES OF CUT-RING SPECIMENS 

Compound R-193-

Young's Bending Modulus @ 
RT (20°C) 1065 

260 

1081 

261 262 

855 1497 1310 

264 

895 



• i--' 
I\; 
o 
• 

Compound R-l'{2 

Polymer (K-1' 638) 
Quso WE 82 
Stan Mag EtC 
(8-HQ) Zn (Stao!-lizer) 
Dicup ~ 
Dicup 40c 
Cadox BS 
Cadox TS-50 

Rubber NiH r:~'ocessing 

Monsanto R:E~ometer Cure (1) 
@ of 
Time to 2 'Dt. Rl:}e (nan.) 
Time to Op~imuu C~re (m1n.) 
Minlmum Tcruqe (ip) 
Maxi.mum Tor<l \1(; (i p) 
Cure Rate Index 

Stress-Stra.',n 
Press Cure - :.!'in/oF 
Post Cure - Ii, ilL .'] 350°F 
50% M (psi) 
100% M (psi) 
Tensile Strength (psi) 
Eb (%) 
% Tension Set (@ Break) 

Shore A Hardness 
Press Cure - 20' @ 340°F 
Post Cure - L; hr. @ 3500 F 

% Com,ETe ;;r:;i er. Set ( 3) 
(70 hr. ;: ~r;:~·(}F) 

TABLE XV 

EVAj~UATION OF SFLECTED VUI,CAIUnNG AGEN'IS FOR 
?HOS?BONITRI LIe F1UO::;C:::lASTOFEE 0-1'1 ;!G CO~~POU~:G.:; 

21"c:; 
~ -266 _2Gr' -?68 

100 100 :00 100 
30 30 30 30 

6 6 r 
n 

2 2 2 "' c.. 
0.8 

2 2 
) • i.:+ 

Ail compounds have loW" green stren8t~. and stick to rolls. 

340 340 
1.8 1.7 

10.0 11.0 
9.0 8.8 

25.0 26.0 
12.2 lo.8 

DB R DB R 
15/3[;0 15/31-+0 

1003 357 96i+ 1!26 

1135 1206 
1381 1386 1254 1426 

75 ll~; 75 117 
7 '7 

66 66 

25 24 

~40 

1.8 
ll. :, 
8.0 

21.2 
10.8 

fR l( 

15/3~O 

71+1 338 
1:)35 

1:31+ Ilt33 
75 120 

? 
:;8 

21 

2:i) 
'!no cure'~ 

DR(2) R 

13/250 

50 "no 
79 test" 

101 
280 

30 

IIno test" 

·'no test" 

-?t;9 

1':0 
30 

r 
0 

2 

1.8i'l 

212 
4.6 
5.8 
1 ~) 
.~ 

3.6 
P3. ~5 
( -) , 

~;!) t:..} R 
ilL' _ 

l'l/'2J.? 

1,8 
~)5 

73 
23:3, 
23 

50 
6? 
87 

~: :~ 

n:::1 test P 

"no test" 



_ _ 

TABLE XV (COWWWED) 

EVALUATION OF SELECTED VULCANIZING AGENTS F3R 
PHOSPHONITRILIC FLUOROEXASTOMER C-RING COMPCJNDS 

Compound R-193 -263 -266 

Aged Stress-Strain 
Press Cure - 10' @ 34WF 
Post Cure - 4 hr. Q 350°F 
50% M (psi)(Unaged) 837 286 
Aged 240 hr. 63 3'00°F 864 413 

240 hr. 0 350°F 598 3'm 

100% M (psi)(Unaged) 979 
Aged 240 hr, 0 300°F -- 1134 

240 hr. Q 330bF 936 888 

Tensile Strength (psi>iUnaged> 1324 I.223 
Aged 240 hr. @ 300°F 1221 1343 

240 hr. 43 35OOF 996 985 

85 QO 
70 120 

24.0 hr. @ 3500F 100 113 

% Tension Set (Q Break)(Unaged) 8 -- 
Aged 240 hr. 8 300°F 9 -- 

240 hr, @ 35OOF 14 w 

830 296 
792 418 
654 392 

-- 991 
-- 1089 
mm 909 

1402 1252 
1301 1255 
lQot3 995 

90 132 
85 1~) 
80 3.12 

89 1: 

3.5 -- 

(1) Mini-Die, lo Arc, 300 rpm 
(2) Poor cure, specimens are blistered and soft. 
(3) Same cure conditions as for Shore AHardness. 

-267 -268 -269 

DB R "no test" "no testtt -- 

785 206 
595 278 
424 229 

-- 

Gi 8"5: 583 

11% 1169 
1207 1117 
860 830 

80 129 
100 130 
110 140 

; -- -- 

15 -- 

TABLE XV (CONTINUED) 

EVALUATION OF SELECTED VULCANIZING AGENTS F'JR 
PHOSPHONITRILIC FLUOROELASTOMER O-RING C~PO"JNDS 

Compound R-19"3 -26; -266 -267 -268 -269 

Aaed Stress-Strain DB R DB .It DB R "no test" "no t1:lst" 
Press Cure - 10' @ 34o~F 
Post Cure - 4 hr. @ 3500 F 
;'>0% M ~si)(Una!ed) 83? 286 830 296 785 206 
Aged 2 hr. @ 30Q°F 864 413 792 418 596 278 

240 hr. @ 350°F 598 3'70 6~ 392 424 229 

100% M (Esi)(Un~ed) 979 991 812 
Aged 240 hr. @ 3000 F 1134 1089 853 

240 hr. @ 3500 F 996 888 909 804 583 
I 
t-' Tensile Strensth (~si)(Unased) 1324 1223 1402 1252 11'76 1169 N ..... Aged 240 hr. @ 300° F 1221 1343 1301 1255 1207 1117 I 

2tt.o hr. @ 3500 F 996 98.5 1008 995 860 830 
Eb (%) (Unaged) 85 120 90 132 80 129 
Aged 240 hr. @ 300Q F 70 120 85 120 100 130 

240 hr. @ 350°F 100 113 80 112 110 1.40 

% Tension Set (@ Break)(Unased) 8 -.. 9 7 
Aged 240 hr. @ 300°F 9 8 7 

240 hr. @ 350°F 14 15 15 

J • 

(1) Mini-Die, 1° Are, 100 rpm 
(2) Poor cure, specimens are blistered and soft. 
(3) Same cure condi tions as for Shore A JIard.ness. 



TABLE XVI 

Compound R-193 

Polymer (~-17638) 
Quso ~~82 
Stan Mag ELC 
(&HQ),Zn (Stabilizer) 
Vulcup R 
varox 
Percadox 29/Q 
Luperco 130 XL 
Luperco 230 XL 
Di-t-Butyl Peroxide 

EVALUATION OFMORE SELECTED VULCANIZING AGENTS FOR 
PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

-270 -271 -272 _273 

100 1QO 100 100 

? ? ? 
30 

6 
2 2 2 2 
O-5 -- _- -- 
_- 0.86 _- _- 
-_ _- 1.12 _- 
-- _- -- 0.94 
__ a_ __ _- 

__ -_ _a __ 

-274 -275 

100 

? 
2 
-- 
_- 
-- 
_- 

1.27 
_- 

100 

? 
2 
VW 
_- 
-- 
-w 
-_ 
0.43 

Rubber Mill Processing All compounds have poor green strength and stick to mill rolls. 

Monsanto Rheometer Cure"' 
Q OF 340 
Ti?e to 2 pt. Rise (min.) 2.2 
Time to Optimum Cure (min.> 22.0 
Minimum Torque (ip) 7.4 
Maximum Torque (ip> 24.5 
Cure Rate Index 5.0 

Stress-Strain DB R 
Press Cure - min. B OF 22/340- 
Post Cure - 4 hr. 64 35OOF 
50% M (psi> 1231 337 
100% M (psi> -- 1256 
Tensile Strength (psi) 1339 1266 
Eb (%I 65 103 
% Tension Set (@ Break) 5 _- 

320 
4*5 
39.5 

1::: 
2.8 

9,320~ 

649 282 320 123 
1355 790 877 273 
1492 1253 1395 1268 
120 157 175 297 
10 -- 13 -- 

340 340 320 
2.3 18.5 2.8 
12.5 45.0 20-5 
7.3 6.8 7.4 
10.9 9.8 18.2 
9-8 3.7 5.6 

5,340: &340'! 

145 90 
315 199 

gI g; 
30 -- 

340 
27-3 
27.3 

8":: 
0.0 

g340 R E,340Z 

552 214 109 75 
1176 642 222 185 
1310 1130 850 826 
125 168 410 477 
8 -_ 38 -- 

TABLE XVI 

EVALUATION OF 140RE SELECTED VULCANIZING AGENTS FOR 
PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

ComE2und R-193 -270 :-m ::lE -273 -274 -275 

Polymer (K-1763B) 100 100 100 100 100 100 
QU60 WRB2 30 30 30 30 30 30 
Stan Mag ELC 6 6 6 6 6 6 
(B-HQ)2Zn (Stabilizer) 2 2 2 2 2 2 
Vu1cup R 0.5 
Varox 0.B6 
Percadox 29/40 1.12 
Luperco 130 XL 0.91+ 
Luperco 230 XL 1.27 

1 Di-t-Buty1 Peroxide 0.43 
...... 
N 
N Rubber Mill Processins All compounds have poor green strength and stick to mill rolls. I 

Monsanto Rheometer Cure (1) 
@ OF 340 320 340 340 320 340 
Ti~e to 2 pt. Rise (min.) 2.2 4.5 2.3 1B.5 2.B 27.3 
Time to Optimum Cure (min.) 22.0 39.5 12.5 45.0 20.5 27.3 
Minimum Torque (ip) 7.4 7.0 7.3 6.B 7.4 6.0 
Maximum Torque (ip) 24.5 1B.4 10.9 9.8 18.2 B.o 
Cure Rate Index 5.0 2.8 9.B 3,,7 5.6 0.0 

Stress-Strain DB R DB R DB R DB R DB R DB R 
Press Cure - ~in. @ OF 22'/340- 34/320- 5/340- 42/340- 'B7340 42/340-
Post Cure - 4 hr. @ 3500 F 
50% M (psi) 1231 337 649 282 320 123 145 90 552 214 109 75 
100% M (psi) 1256 1355 790 877 273 315 199 1176 642 222 185 
Tensile Strength (psi) 1339 1266 1492 1253 1395 1268 977 908 1310 1130 850 826 
Eb (%) 65 103 120 157 175 297 320 435 125 168 410 477 
% Tension Set (@ Break) 5 10 L3 30 8 38 



Compound R-193 

Shore A Hardness 
Press Cure (min. d OF) 
Post Cure (4 hr. 8 350°F) 
% Compression Set(l) 
(70 hr. Q 275OF) 

Aged Stress-Strain 
Press Cure - min. OF 
Post Cure - 4 hr. 63 35OOF 
50% M (psi)(Unaged) 

i 

K 
Aged 240 hr, 0 3000F 

Y 
240 hr. @ 3500F 

100% M ipsi)(Unagedi 
Aged 240 hr, @ 3W°F 

24C hr, @ 35WF 

TABLE XVI (CONTINUED) 

EVALUATION OF MORE SELECTED VULCANIZING AGE.VTS FOR 
PHOS‘PHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

-270 

71 

-271 -272 -273 -274 _2”75 

62 

18 23 

DB R DB R -- -- 

-- 1265 
__ 1282 
-- 1066 

z:; 271 292 
446 277 

1165 777 
954 a23 
776 639 

Tensile Strength (psi)fUnaged) 
1552 1384 

Aged 240 hro @ 3OOOF 1310 1282 
240 hr, @ 3500F 1032 1079 

a5 115 
75 100 

240 hr. @ 35OOF 95 102 

% Tension Set (@ Break)(Unaged) a -- 
Aged 240 hr. B 300°F 10 -- 

240 hr, @ 350°F 12 -- 

(1) Mini-Die, 10 Arc, 100 rpm , i 

1321 1349 
1258 1234 
al4 a75 

130 167 
145 159 
11s 150 

;2 II 
16 -- 

47 45 60 34 

40 

I?BR 

62 33 

f)B i? 

100 

DB E - DB R - _ 

282 96 155 a0 506 230 114 58 
186 133 134 222 364 285 163 78 
235 133 la3 116 404 275 122 86 

753 278 356 172 1079 609 201 9a 
469 372 286 321 801 711 335 151 
413 305 284 233 a9 570 173 143 

1401 1325 
1172 1037 
530 572 

205 320 
255 280 
165 220 

14 
22 1: 
23 -- 

1058 a74 1322 1234 473 337 
a30 778 1137 1078 439 421 
335 393 632 693 225 287 

360 430 145 197 380 575 
340 321 175 172 350 380 
175 220 135 137 200 280 

38 -- 10 -- 45 -- 
32 -- 19 -- 36 -- 
18 -- 18 -- 27 -- 

(2) Same cure conditions as for Shore A Hardness 

TABLE XVI (CONTINUED) 

EVALUATION OF MORE SELECTED VULCANIZING AGE.NTS FOR 
PHOSPHONITRILIC FLUOROELASTOMER O-RING COMPOUNDS 

Com:eound R-193 -270 .::.?1!. -272 -273 -274 -275 

Shore A Hardness 71 62 47 45 60 35 
Press Cure (min. @ OF) 
Post Cure (4 hr. @ 350°F) 
% ComEression Set (1) 
(70 hr. @ 275°F) 18 23 40 62 33 100 

Aged Stress-Strain DB R - DB R DB R DB R DB R DB R 
Press Cure - min. OF 
Post Cure - 4 hr. @ 3500 F 
50% M £5si)(unaged) 994 375 537 271 282 96 155 80 506 230 114 58 

! Aged 2 hr. @ 30Q°F 868 570 406 292 186 133 134 222 364 285 163 78 
f-' 

240 hr. @ 350°F 829 462 446 235 183 116 404 122 86 I'\) 277 133 275 \.. ... 
( 

100% M (Esi)(Unased) 1265 1165 278 356 172 1079 609 98 777 753 201 
Aged 240 hr. @ 300°F 1282 954 823 469 372 286 321 801 711 335 151 

240 hr. @ 350°F 1066 776 639 413 305 284 233 609 570 173 143 

Tensile Strensth (Esi){Una!ed) 
1552 1384 1321 1349 1401 1325 1058 874 1322 1234 473 337 

Aged 240 hro @ 3QO°F 1310 1282 1258 1234 1172 1037 830 778 1137 1078 439 421 
240 hr. @ 350°F 1032 1079 814 875 530 572 335 393 632 693 225 287 

!b (%) (Unased) 85 115 130 167 205 320 360 430 145 197 380 575 
Aged 240 hr. @ 3QO°F 75 100 145 159 255 280 340 321 175 172 350 380 

240 hr. @ 350°F 95 102 115 150 165 220 175 220 135 137 200 280 

% Tension Set (@ Break)(Unaged) 8 12 14 38 10 45 
Aged 240 hr. @ 300°F 10 14 22 32 19 36 

240 hr$ @ 350°F 12 16 23 18 18 27 

(1) Mini-Die, 10 Arc, 100 rpm 
(2) Same cure conditions as for Shore A Hardness 



TABLE XVII 

O-RING COHPOUND FOR DUHBBELL XZRSUS 
CUT-RING STRZSS-STRAIN MEXW'RE~ENTS 

R-193276 

Pollper (K-17638 1 100 

Quso WR 82 25 
Stan Nag ELC 6 
(8-HQ) Zn (Stabilizer) 
Dicup r;o c 

1 
3. 

4 - 61'x6'tx0.0?5'1 slabs were press cured 
60' 2 320°F and post-cured 4 hrs. 8 3g3F 
in a forced-air over,. 

TABLE XVII 

O-RING COMPOUND FOR DUHBBELL VERSUS 
CUT-RING STRZSS-STRAIN MF.ASURENENTS 

Polymer (K-17638) 
Quso \'/R 82 
Stan Nag ELC 
(8-HQ)~Zn (Stabilizer) 
Dicup !fO C 

R-193276 

100 
25 
6 
1 
1 

4 - 6"x6"xo.075" slabs were press cured 
60' @ 3200 F and post-cured 4 hrs. @ 350°F 
in a forced-air oven. 

-1:4-
~ 
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TABLE XVII-A -
DUHBm:Ll, VElUm: I CUIII-lUNO fl'l'HF!SS-S'l'HAIN 

NEASUREt4EN'l'S ON O-HING GOHPOUND H-193276 
"\ 
-(1( 100% M( l(psi) 

(2) 
~3) (%) No. of Tests Cut Test 50% M ~Si~ T (psi) 

Slab No. SEecimen No. ( n) at at c(9) B 10 C B C B C B 

1 DB(7)_1 to 3 
st4) C)si) 

(5) 
F 143 186 537 604 1273 1314 190 188 F 

28 41 103 125 /.2 61 20 27 
CV(11 (psi) 19.5 22.0 19.2 20.7 3.2 4.6 11 14 

" B(8)_1 to 17 17 F F 94 148 463 630 1342 1372 179 166 
s (psi) 4 15 18 30 III 111 11 9 
cv (%) 4.3 10.1 3.9 1+.8 8.3· 8.0 6.1 5.4 

2 DB-I to 3 3 F F 149 206 787 928 1524 1556 150 140 
s (psi) 10 14 61 77 11+9 97 0 0 

I cv (%) 6.7 6.8 7.8 8.3 9.8 6.2 --
~ 
N " B-1 to 10 10 F F 95 177 495 701 1286 1303 166 149 Y' s (psi) 4 19 24 40 133 128 7 9 

cv (%) 4.2 10.7 4.8 5.7 10.3 9.8 4.2 6.0 

3 R-l to 12-A 12 F F 95 183 518 731 1435 1444 172 161 
s (psi) 4 20 29 30 61 67 7 7 
cv (%) 4.2 10.9 5.6 4.1 4.2 4.6 4.1 4.3 

" B-1 to 13-B 13 F H(6) 168 740 1470 155 
s (psi) 12 50 93 8 
cv (%) 7.1 6.8 6.3 5.2 

4 B-1 to 15-A 15 H F 89 147 482 630 1343 1372 175 168 
5 (psi) 5 17 42 60 111 103 10 10 
cv c%) 5.6 11.6 8.7 9.5 8.3 7.5 5.7 6.0 

" B-1 to 17-B 17 H H 142 663 1427 161 
s (psi) 26 55 94 9 
cv (%) 18.3 8.3 6.6 5.6 



TABLE XVII-A (CONTIIWED) 

Slab No. 
No. of Tests 

Specimen No. (n) -- 

DB (total) 6 
s (psi I 

cv (%) 

cut Test 50% X,-i. 
($9) P 

si) 
a t a t I3 10) -- -__I 

_m. 1% 
_- 29 
-- 14.8 

R (total) 84 I_ 158 
s (psi > me 24 

cv (%) -- 15.2 

DUMBDELL VERSUS CUT-RING STRESS-STRAIN 
@WREMENTS ON C-RING COMPOUND 1~93276 

(1) 
lOO$ E(l) (psi > 

C B -- __P 

(1) 3 = Average Modulus 
i (2) T = Average Tensile Strength 
p it', Eb = Average Elongation ((3 Break) 

S = Standard Deviation 
(5) F = Firestone 
:6) H = Horizons Research 
(7.' DB = Dumbbell Specimen 
(8) R = Cut Ring Specimen 
(9) c = Computer Print-out 
(10) B = Hook, i.e., calculated from 
(11) cv = CoeffiXiit of Variation 

Instron chart 

me 765 -- 1435 -- 164 
-- 200 I_ 151 -- 32 
_I 26.1 -- 10.5 -- 19.5 

_- 676 -- 1399 -- 161 
..s- 63 -- 109 -- 10 
_- 9.3 -- 7.8 -- 6.2 

(psi > $‘3’(%) 
c B C B ---II_ Slab No. 

(1) M ::: 

I (2 ) T ::: 
~ 
(\) (3) ~ = r' (4) s = 

(5 ) F = 
11") , (' H = 
(,../ .\ DB = 
(8 ) R = 
(9) C = 

(10) B = 
(11 ) CV ::: 

Specimen No. 
No. of Tests 

( n) 

DB (total) 6 
s (psi) 

cv (%) 

R (total) 84 
s (psi) 

cv (%) 

Average Hodulus 
Average Tensile Strength 
Average Elongation (@ Break) 
Standard Deviation 
Firestone 
Horizons Research 
Dumbbell Specimen 
Cut Ring Specimen 
Computer Print-out 

TABLE XVII-A (CONTINUED) . 
DUMBBELL VERSUS CUT-JUNG STRESS-S1rRi\IN 

HEA,SUREMEN'l'S ON O-RING C0l1POUND H-193276 

Cut Test 
at at 

(U 
50% M (psi) 
c(9) BGO) 

196 
29 
ll •• 8 

158 
24 
15.2 

100% M(l)(psi) T(2)(pSi) 
C B C B 

765 
200 
26.1 

676 
63 
9.3 

1435 
151 
10.5 

1399 
109 

7.8 

Book, i.e., calculated from Instron chart 
Coefficient of Variation 

164 
32 
19.5 

161 
10 
6.2 



TABLE XVIII 

O-RING COMF'O~DS FOR PHYSICAL TESTING AT PARKER SEAL 

Compound R-194- 

Polymer (~-17638) 
Quso WR-82 
FEF Black 
Stan Mag ELC 
(8-HQ)2Sn (Stabilizer) 
Un%nC bide Silane A-151 
I! 11 !1 A-1100 
11 II II A-174 

Teflon 6 
Silastic 430 
Vulcup R 

844 

100 
30 
-- 

6 
2 
2 

_- 

6 
2 

_- 

2 
-- 
we 

O-4 0,4 

846 

100 
30 
-- 
6 
2 
-- 
-- 
2 
-- 
-- 
0.4 

847 
loo 

25 

2 
2 
3- 
__ 
we 

; 

0.4 

Mixing Procedure -- Polymer and Quso ~~82 were mixed in a Brabender -- 
Dow Corning silanes were added and the mixing continued 
for 10 minutes -- the Stan Mag ELC was then added and 
the maaterbatch dumped and cooled -- the remaining 
pigments and curing agent was added to the masterbatch 
on a rubber mill. 

Rubber Mill Processing p(l) P Gw 

Stress-Strain R(3) 
z DB R 

Press Cure - 30' @ 3200~ - 
-- zgg 

Post Cure - 1 hr. 8 350°F 
50% M (psi) 591 1183 362 818 570 1140 725 1262 
100% M (psi> -- -0 1158 -- 1383 -- 1365 1700 
Tensile Strength (psi> 15~0 1307 1491 1393 1383 1261 1608 1700 
Eb (%I 100 60 123 80 loo 55 13“. 105 
% Tension Set (0 Break) -- 3 -- 3 -- 4 -_ 6 

Shore A Hardness 
Press Cure - 40' 0 340°F 
Post Cure - 1 hr. 8 350°F 

60 60 75 67 

Compression Set (%I 
70 hr. Q 300°F 
70 hr. @ 35OOF 

Tensile Strength (730F)(ppij5) 74 61 -- 207 

(1) 

I2 
(4) 
(5) 

P= Poor 
G = Good 
Cut Ring Specimen 
Dumbbell Specimen 
Same cure as Hardness Specimen 

TABLE XVIII 

O-RING COMPOVNDS FOR PHYSICAL TESTING AT PARKER SEAL 

Com;E2und R-l94-

Polymer (K-17638) 
Quso WR-82 
FEF Black 
Stan Mag ELC 
(8-HQ)2 ~n (Stabilizer) 
Unm C: ''bide Silane A-151 
" " 
" If 

Teflon 6 
Silastic 430 
Vu1cup R 

If A-1100 
" A-174 

844 845 

100 100 
30 30 

6 6 
2 2 
2 

2 

0.4 0.4 

846 847 

100 100 
30 25 

5 
6 6 
2 2 

2 

0.4 

5 
5 
0.4 

Mixing Procedure -- Polymer and Quso WR82 were mixed in a Brabender --
Dow Corning si1anes were added and the mixing continued 
for 10 minutes -- the Stan Mag ELC was then added and 
the masterbatch dumped and cooled -- the remaining 
pigments and curing agent was added to the masterbatch 
on a rubber mill. 

Rubber Mill Processins pel) P P G(2) 

Stress-Strain R(3) DB(4) R DB R DB R DB 
Press Cu~e - 30' @ 320°F 
Post Cure - 1 hr. @ 350°F 
50% M (psi) 591 1183 362 818 570 1140 725 1262 
100% M (psi) 1158 1383 1365 1700 
Tensile Strength (psi) 1500 1307 1491 1393 1383 1261 1608 1700 
Eb (%) 100 60 123 80 100 55 13' 105 
% Tension Set (@ Break) 3 3 4 6 

Shore A Hardness 60 
Press Cure - 40' @ 340°F 

60 75 67 

Post Cure - 1 hr. @ 350°F 

ComEression Set (%) 
70 hr. @ 3000 F 22 32 32 30 
70 hr. @ 350°F 40 56 48 47 

~ensi1e Strensth (730F)(EEi )5) 74 61 207 
i 

(l) P = Poor 
(2) G = Good 
(3) Cut Ring Specimen 
(4 ) Dumbbell Specimen 
(5) Same cure as Hardness Specimen 

-1??-



TAELE XVIII (CONTD,) 

O-RING COMPOUNDS FOR PHYSTCAX, TESTING AT PARKER SEAL 

Compound R-194- 844 @5_ 846 y+J 

Brabender Extrusion 
(2~1 Screw; 40 RPM; 1/8" Diameter Die) 
Barrel (t GC) 203 
Head (t OC) 145 
Stock ct w) 190 

% Die Swell 6 Extrusion Rate (g/min) 32.4 
Surface Appearance rough 

O-Ring Construction 

126 149 
158 192 
150 a80 

6 6 36,s 28.4 
rough rough 

203 
144 
200 

4:.6 
rough 

Compound R-194- 844 845 846 847 

Mode of Construction(6) G G SWG SAG S C JQ z -__I-- 

Weight of Sample (g) 3.4 3.4 4.2 4.5 4.5 4,o 3.5 3.5 
Press Cure (22'/ 340°F) 
Post Cure (1 hr,/ 350°F) 
50% M (psi) 257 213 424 388 478 433 390 262 
100% M (psi> es 971 __ __ o_ 667 
Tensile Strength (psi> 1053 1159 1.030 1046 1104 
$, (%I 

94; 11,; 1200 
99 111 84 90 87 82 94 153 

Failure 
Appearance of O-Ring Ec7' E E E E E E E 

Compound R- 194- 844 845 846 p+J 

Stress-Strain (Cut-Ring) 
Press Cure - 40' @ 340°F 
Post Cure - 1 hr, @ 35O@F 

50% M (psn)(Origlnal) 342 385 
Aged 240 hr. @ 275OF (Air) 381 480 

3OOCF 9’ 411 482 
35OOF " 347 356 
&jjOji? 99 -es 

73°F CH Pcl ) 

‘I o&j4 

1: 247 
-- 198 

!V 78 
II 00 

457 427 
514 497 
494 411. 
380 456 
__ 158 
410 259 
238 243 
a.18 89 
00 118 

(69 E = Ektruded Tube; 0 z Overlap Ends 8 45" Cut; SWG - cut strip with 
mill grain; SAG - cut strip against mill grain; S = cut out small 
square slab; 6‘ ;. die-out O-*ying shape 

17) E - Excel.l.ent 

TABLE XVIII (CONTD.) 

O-RING COMPOTmnS FOR PHYSICAL TESTING AT PARKER SEAL 

Compound R-194- 844 845 846 847 

Brabender Extrusion 
(2:1 Screw; 40 RPM; 1/8" Diameter Die) 
Barrel (t °C) 203 126 149 203 
Head (t °C) 145 158 192 144 
Stock (t DC) 190 150 180 200 
% Die Swell 6 6 6 6 
Extrusion Rate (g/min) 32.4 36.0 28.4 42.6 
Surface Appearance rough rough rough rough 

O-Rin3 Construction 

Com~und R-194- 844 845 846 847 

Mode of Construchon(6) E,O E,q SWG SAG S C E,O E,O 

Weight of Sample (g) 3.4 3.4 4.2 4.5 4.5 4.0 3.5 3.5 
Press Cure (22'/ 340°F) 
Post CUre (1 hr./ 350°F) 
50% M (psi) 257 213 424 388 478 433 390 262 
100% M (psi) 971 667 
Tensile Strength (psi) 1053 1159 1030 1046 1104 949 1105 1200 
Eb (%) 99 111 84 90 87 82 94 153 
Failure 

E(7) Appearance of O-Ring E E E E E E E 

Com.e0und R-194- 844 845 846 847 

Stress-Strain (Cut-Rln~) 
Press Cure - 40' @ 3400 F 
Post Cure - 1 hr~ @ 350°F 

50% M (Esi)(Ori~1nal) 342 385 457 427 
Aged 240 hr. @ 275°F (A1r) 381 480 514 497 

3000 1'" 91 411 482 494 411 
3500 F " 347 356 380 456 
4000 1" Ii 158 

73°F (H PO ) 24'7 410 259 
" (H81)4 198 238 243 
If (HNO ) 78 118 89 
" (H2Sd4 ) 00 00 118 

(6) E =: Extruded Tube; O·~ Overlap Ends @ 45° Cut; SWG - cut strip with 
mill grain; SAG = cut otrip against mill grain; S :; cut out small 
square slab; C ..:co die-out O •• ring shB_pe 

(7) E =. Excellent 



TABLEI XVIII (CORTD.) 

O-RING GOMPCXINDS FOR PHYSICAL TESTING AT PARKER SEAL 

Compound R-194- 84.4 

Post Cure - 1 hr. 8 3f50°F 

Tensile Strength (psi)(OriginaP) 
988 

Aged 240 fnr, 6 2750~ 
3OOOF 
350°F 
4000F 
73OF 
iv 
tt 
tt 

(Air) @3x 
11 1108 
II 820 
If 

177 

CH PO > -- 
(H&14 -- 
&No ) -em 
(H2Sa4) -- 

(%I (Original) 
xjed 240 hr. 8 275OF 

300°F 

EOi 0 

73°F 
ff 

If 

II 

ASTM Fuel A 
% Wt. Change 
% Vol. Swell. 
% Extracted 

ASTM Fuel B 
% Wt, Change 
% Vol, Swell 
% Extracted 

ASTM Fuel. C 
% Wt, Change 
% Vol. Swell 
% Extracted 

Mil-H-5606-C 
46 Wt. Change 
% VoP, Swell 
% Extracted 

(Air) 
II 100 
11 105 

(H"PO 

(HkL)4 

> -- 30 

-7 

::i 

O-4 

2-4 2-3 
7-8 7.2 
P*7 1.6 

2.9 301 2.8 5.7 
9.0 10,O 9.6 15.9 

001 0.1. o-1 O-5 
oe4 -03-j O-9 1.8 
O-4 0*4 0.5 003 

a 846 _847 

1472 
1447 
1173 
907 
155 
1089 

_“1yj 

182 
90 

100 
103 
96 
110 
17 
lI0 

i: 
40 

1-o 1-o 3.0 
3-3 3.2 9-O 
o-6 0.4 O-5 

1187 1081 
1199 1160 
1028 914 
727 809 
160 152 
946 948 
372 3?3 
114 225 
57 176 

95 
100 
90 
100 
20 

z; 

;: 

125 
125 
120 
125 
63 
135 
90 
120 
100 

2.0 4-l 
7.7 14-6 
I.*5 Z-2 

-P29- 

TABLE XVIII (CONTD.) 

().~ RING COMPOUNDS FOR PRYSICA L TESTING AT PARKER SEAL 
i 

Com;E2und R-!94,- 8l.f4 845 846 847 

Stress=strain (Cut-Rin~)(contd.) 
Press Cure - 40 1 @ 3400 F 
Post Cure - 1 hr. @ 350°F 

Tensile Strength (psi)(Original) 
988 1472 1187 1081 

Aged 240 hr. @ 275°F (Air) 891 1447 1199 1160 
3000 F " 1108 1173 1028 914 
3500 F " 820 907 727 809 
4000 F II 177 155 160 152 
73°F (H~P04) 1089 946 948 
" (H ,] ) 355 ??? 3?3 
" (HNO 1 182 114 225 
II (H2Sd4) 90 57 176 

~ (%) (Ori!ina1) 9.5 100 95 125 
Aged 240 hr. @ 275°F (Air) 90 103 100 125 

3000 F 11 100 96 90 120 
350°F " 105 110 100 125 
4000 F " 30 17 20 63 
73°F (H

C
P04 ) 110 95 135 

" (H 1) - ... 70 65 90 
II (HNO ) 80 55 120 
" (H2Sd4) 40 30 100 

ASTM Fuel A 
% Wt. Change 1.1 LO LO 3 .. 0 
% Vol. Swell 3,,4 3 .. 3 3 .. 2 9.0 
% Extracted 0 .. 4 Oc6 0.4 0.5 

ASTM Fuel B 
% wt .. Change 2.4 2.3 2.0 4.1 
% Vol.. Swell 7.8 7.2 7.7 14.6 
% Extracted 1.7 1.6 1 c: 5:/ ~,,2 

ASTM Fuel C 
% wt. Change 2.9 3.1 2.8 5.7 
% Vol. Swell 9.0 10 .. 0 9.6 15.9 
% Extracted 

Mil-H-5606-C 
% Wt. Change 0,,1 0.1 0 .. 1 0.5 
% Vol. Swell 0 .. 4 -0 .. 3 0.9 1.8 
% Extracted 004 0.4 0.5 0 .. 3 
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Figure 1 

GEHMRN TWIST VS TEMPERRTURE 
RSTM-O-~ 1 053 

SRMPLE N(j~ R190266 

" I 1 I --r ---r-- ,--------1-- I 
0··'00 _·QC ·1.:)0 -·40 _{no 0 ~o 4.' U ~, I,. ~ ... ". •. ~ '- • 

T E 11 PER R T U R E ( fl f~ G [) 

DRTE 4 1 74 

1-------, 
40- 60 . 
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Figure 2 

GEHMFWJ FLEXURE 
QSTM-D-A 1053 

I3 TEMF Fm3M = 23.0 
A TEMP ZXG= -384 
0 TEMF 5XG= -sci=o 
Cl TEMF' IGXG-. -53.0 

_.. 
0 

I 1 , +--r I-----I--I- 1 --36 _ -6O- -4o- -2Cl- KJI?‘~ *iI 20 - 40 - 

TEMPEFSlTURE 
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Figure 2 

GEHMRN FLEXURE 
R S T f"l - 0 -.. 1 0 5 3 

SRMPLE NUc R190266 
~ T Ei1P ROOM - 23.0 -
~ T Ei1P 2 X G - -38.0 -
~ TEMP 5 X G - -50.0 -
(2) TEMP 10 X G - -53.0 -' 

~ TEf"lP 100 X G - -60.0 -

-~ I 
"--~-----r-I -- I - I ---rl-----r-I ------., 

··80. -60· -40· -20. D· 20- 40· 
TEMPERRTURE (OEG C) 
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.B.C.“I -_-. - 

. GEHVAN FLfXURE 
ASTE’I D-1053 

YELLOW CODE WIRE 

SAMPLE NO. R190266 
DATE 4 1 74 _I_~_. _.___________._ _ ~___.____ __~ _. ______..___.^____-.-_.___ _. .-.- ..-_ -.--... _-.. _.-.- -.- . ~------ -_ 

A = 0.1250 -_._. ~_ . __ .-.. ~.. _.~ - ------- 
9 = 0.0730 .-- -- 

MU = 3.3960 

K = 0.5000 ._____. .~. _ . .._ ._ _... .~ - ..-- - .~ -. ._ - ..- . ._. ---_.____. _ . 

_~ _~_. _. ~________ ._ -.. -_- 

-_-_- 
23.G i 7.k :o’ 54.7 

-49.3 172.r: 111.9 .- -- -.. .-._- ___..~.. - __-__.. 

-45.0 17o.c 141.5 

~____ _-._.-_ - ~..__ ._--- -.- . --.-. _~ _ .-.- . .--- -.---____ _ ~.____.__~__. 
-50.0 

i.60.. o _. --. 
300.8 

-55.0 124.0 1087.0 -. -. - ------ ..~.. _._ ._.. ~~ -..- _ _~ . __-______. ___ 

-60.0 66.0 4157.6 

---.- -- 
-65.0 1c.o 40920.3 

._. _- -80.0 4.0 105911.6 

__.. __.__.I____ _ _ __._ ____.__ .^._.__~_.._ ~.. . . __.- - --. . .~ .- .- --- .--~----- ___..______.. .~_~.___.___ _____ 

23.0 GEt+N _ FLEXURE 54.7 PSI 

2 TINiES G -38.0 GEHMAN FLEXURE 109.4 PSI 

_.__._ . __._-.--. 
5 TIMES G -50.0 --- GEHM4N FLEXURE Z-78.4 ps-I---‘--------‘- 

10 TIMES G -53.0 GEHMAN FLEXURE 619.5 PSI _ . _... - .._. _ _... _ __ 

100 TIMES G -60.0 GEHMAN FLEXURE 6045.9 PSI 

. . .___... ~~ .._~ ..~ ~-.--..~-. . _~_. - - .._ __-___-.-- -.- ._ .-. 

- .-._.__..._ 

_ .._ ., -. .. __ ...... ._ -. ... ..- - _.~ ._- .. - ___- .- .._ .... ... . 

-132- 
__.“__. _ - _“~~~.- -___ 

GEHMAN FLEXURE 
ASH1 0-1053 

YELLOW CODE WIRE 

SAMPLE NO. R1Q0266 
DATE 4 1 74 

t\ = 0.1250 
- ----,-.-~---------- . - - .. --~- ---

8 = 0.0730 
MU = 3.3960 

K = o. 5000 - --~--.--- --

X DEG t G PSI 

--.------~---.------. -....... _-----_.--
23.0 54.7 

-40.0 172.0 111.9 
_. __ ._-" --- .,.-.~-------.- - ._. 

-45.0 1 70. O' 141.5 

-50.0 160.0 

-55.0 124.0 1087.0 

-60.0 66.0 4157.6 

10.0 - 4(f920.3--------------·· - -----------

-80.0 4.0 105911.6 

ROO~ TEi":PERATURE 23.0 GEHMAN FLEXURE 54.7 PSI 
.-----_._----- ------ --------------.. -----_.--.-

2 TIMES G -38.0 GEHMAN FLEXURE 109.4 PSI 

2 -=, tr~4PsT--"---------

10 TIMES G -53.0 GEH~'t\'" FLEXURE 619.5 PSI 

100 TIMES G -60.0 GEHMAN FLEXURE 6045.9 PSI 

-132-
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TABLEi XX. 
GEHt!AN FLEXURE 

.ASTFI D-1053 
BLACK COOE WIRE . _ .-__-_ .._ ._,_._- ___- . .._ _. . _ 

_____--_-_ __ SAMPLE NO. R191941 _ _ ____ -.. -. .- - _ __I__--_.__ -. --. 
DATE 

7...i ...i4. _. -_._---- .-----I .i______ 

_. . ..__ ._... ___.. .- _._ -. 
A = 0.1250 
e = 0.0730 

t?U = 3.39hO -... 
0.1250 .- 

-,_ _._--.. ..-. -_-._I__.. __ .__ ..__ .__l___.___. ._ _~_ . _________ . _.____- _..___. . ..-“.“-.e-.-- .. .--. 
K = 

. -. _I.-.. _.. __ _. __._ . - -. . ._.._ _.__..^. __,._ 

TEHP REG C x 0fG, G PSI -- --. . ._. _-_- ____l___-___,_. .-- _ ___ _______. _._._...-^____ __._ - 

23.Q 164.0 58.7 

.-. . __-_ . . . .__ _ ____ __. ._ 
i25’;o .’ 161.0 71.0 

-30.0 161.0 71.0 .- - .- -- -, - -.-_. .~__---_.-_._l_________ __.___. . . . . __ __ __. __._._._____ ___________. ^._. ._ -... 

-35.0 159-C 79.4 

106.1. 
_^... ._..._.. _ _ .._ __ .._._. . _. 

-4fJ;() .- ‘. l-53.0 

-45.0 139.0 177.5 _ _. _. _ _-.. . _. -_...___ _e- _.__ _. .___ _____.- 

-50.0 69.0 615.2 

_..... _. -.-_. -. ^ .._... .- 
-55,o .50.(! i564.6 

.~ .._._ ._“,.__.__. _“. _.x___ _ -- 

-60.0 16.0 6148.1 ____._____ .._._ II_ .._.. _.-. _._____.,_ _. .._ _ ___.. . . -.--.I 

-65.0 4.0 26477.3 

____. _. .“_. -. . . 
-70.0 2.0 53557.5 

__--. - ___ __I-.--. -- .- 
._ __ .- 

_ ..~_. .._.. ._.____.- .-__ __ ._._ ___I_ __-.- _.-_.-- 

ROCM TEMPERATURE -- 

5 TIVES G. 

.._ . 
10 TIMES G 

100 T I P ~~__~__.,~,___,,,~__,. .._... ___- _.___ -.... _^...___.- -.--_ .-. . __...---. 

_ __ _. _ ._ . _ ..- . . 

23.0 

-41.0 

-46.5 

-50.0 

-60.5 ._.. - 

GEHMAN FLEXURE ---58;f PSI ‘-.- 

GEHPIAN FLEXURE ___________________ *. 122.5 PSI 

GEl-“MAN FLEXUKE 295.0 PSI 

GEHMAN FLEXURE : 587.4 PSI 
-_ -- _ 

GEHMAN FLEXURS _ ___..______________,__, _ _ 6621.2 PSI 

-3.3% 

._ . ..-.___ ^. ______ ___. 

._- ._._.. -.. - .-.- --- - -..-- - ___ _-... ._ .-_- --- __----__- _--. ----_- ____II--..-- ._________-----..-- 
/ / . . . ‘~“-,~~~r4~.t.bCSI-~~‘K’- Y’ .?’ 

TABLE XX. 
GEH~AN FLEXURE 

ASHl 0-1053 
BLACK CODE WIRE 

SAMPLE NO. R191941 .. ---------- ~-------- '--'-oAYE .- ·----·-·-t··T2-74- -. ~-.-----.-----.----... ---.--

A = 0.1250 
B :: 0.0730 

t~u :: 3.3960 ' ... -----.--...... - ... ----- .. ---.----.--.-- .. IC~O~ 1250 . 

________ . ___ ... _ . _____ !_~.~e __ ~_§.9_._<: __________ .... _____ x._ 0 E G , 

23.0 164.0 

~25~O 

-30.0 ------- ..•..... ----_._._ ..•. _._-.. _---_. __ ._-------- -- ... 

-35.0 

-40~0 

-45.0 

-50.0 

-60.0 ... _._-_ .... _".-- _ ........ ----.. -.. -.--.-.---.-.-.~- ... -.---

-65.0 

-70.0 

161.0 

161.0 

159.0 

153.0 

139.0 

89.0 

50.0 

16.0 

4.0 

2.0 

G PSI 

58.7 

71.0 
_. .- - .-. --.------~ ... 

71.0 

79.4 

106.1 

177.5 
........... --_ .. _-----
615.2 

6168.1 
... _-- --" .... -. --. ---------- ._._---------_.-

26477.9 

._---_._--._ ..... _._-----_ .. -----_._--_._-- ... _ .. - .. -.... -... . . .... - .. --- . -"'---'---"""--"-" -_ ...... __ ._----_ .. _-

ROCM TEMPERATURE" 23.0 GEH~AN FLEXURE 58~7 PSI 

2 T !.~.~_~_._G_. ____ . ___ ._. ____ . ___ -41.9 ... GEHt-IAN FLEXURE ... __ ._. ____ .t?~ . ..!2._E_S_I_ 

5 TItI,ES G 

-to TIMES G 

-46.5 GE~MAN FLEXURE 

-50.0 GEHMAN FLEXURE 

295.0 PSI 

581~-4--ps I 

100 TIMES G -60.5 GEHMAN FLEXURE 6621.2 PSI . ~- ... ~~---.~-- .. , -_ .. - •. -- .. --.-----.----- .. -- .. ~--.--.--- .. ~.---...• -- ... --... -------. " .. _-- - .. _.- _ .. - -- .- .... --~- -- - --~ .. ~-.. - --- - ~-. -------

-135-
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TABLE XXI 
GEHPAN FLEXURE 

ASTM D-1053 

BLACK CODE +RE _ ~._ _, ______._. .____,_1...... .._.I ., ___.__._.__,.___ __.. _ _... _. - . __.._- / 

SAMPLE P-Jcl l _______. __. _. __~~__~__~__~._~~~~~__~.~_-_._~_____..____~.__~ R191959 ___.._. -___l-.-.-----~.~~~----~- ,-.-v - ,___ 
DATE 7 12 74 

._ _. _ _ ..__. 
A = 0.1250 
8 = 0.0740 

3.3640 ._. _. .~ . .- . . .._.. ..- . __.... __.___.~. _._ . __..._. --- ._.._.,._ _ _._. --_.-I_--. .._ .______-_._.. . . . - -1- MU.. ? .,_ ._~ 
K = 0.1250 

i 

._. T EMP DEG. C _I_.___ . X DEG.? ._ . .._ ,... . _ _.. ~_..G _ ?_?!-___.___ _______._._. _._______._____ - . .___..__. _.. _ _ _^__--_. -.---- 

23.0 155.0 94.0 

155.0 
..94,0. ._. __.. -. _. _ .__ . . _^ _.. ._ .__. ._ .-_ . . . 

-25-Q 

-30.0 151.0 112.0 _. _ ,_.____l___,_ .._. ._,__IIe _....-. -_--_I-... ,-- - ..-- .... -.- ..- ,- .-- --_.- -.--. _--,----_ _ .._ .,__ ..__ __.___- 

..___ _. 

-35.0 14i3.0 126.0 

-40.0 142.0 156.0 - 

__ . ___.I_- 

._,__-L_. 

_ .___.-_. __ _.._ 

-45 00 _ ,_______._______,__ 129 l 0 _. .._ _ 230 5 . _‘~_..._..___._.._._._..._.~,. ___._.~. . ..__ ._____ _ .._. _. _ ._ _.__----. ^--. 

-50.0 

-55.0 . 

94.0 

51-O 

533.5 

1475.1. :- 

-60.0 18 y.0 5248.7 .._~.. ._ __ _____. .-. . .___ ,, _ _ . _.. .._. .- _..... -- *-.______ ..___ _ _..^_._ -.__-- 

-65.0 4.0 25660.7 

..- ___... .-. ..-.. ., .-_ __. - ._ 
-70.0 2.0 51904.6’ 

GEHMAN FLEXURE 
94 ,d’.‘PS.I _ __ ._ _ . - 

2 TIMES G -42.0 ..__. ----.- .___ .._____ --. .- ___.-__ 

I 5 TIMES G -48.5 

. . 
10 TIMES G - -52.5 

100 TIMES G. -63.0 _____,I______ ._.... _.. __-_._. _. 

GEldMAN. Ft_EXURE__ __ .,_.___. .____. ..189.4 Rs1 __ 

GEHMAN FLEXURE. 473.9 PSI 

.~. .____.._. . 
GEHMAN FLEXURE 974.9 PSI 

_GEHM_AN FtE_XURE 10312.0 PSI _ _ _ -._.- -- - . . --.- “-.- .._ -.__ --..-.. -- 

-138- 
._. _ ..- __...- . . -,-.._. .__.. ._--_--- -. ._-_________._______._ ^ _____._l___ _~ ..__.--__-.- --- --.---.--.------ _” _ 

.‘., ._ ir...e,<.+Yri.s.. *-a.1*9 ..\*.,. . . . . . 

TABLE XXI 
GEHfo"AN FLEXURE 

ASH1 0-1053 
BLACK CODE WIRE 

SAMPLE NO. R191959 
--.------.. --------- -- 0 A TE··----·-···---TTi74 -.. -----.. --- .. ------.-------------.. -.---.---

23.0 

-30.0 

A ::l 0.1250 
B = 0.0740 

MU = 3.3640 
---~------··--K .. = '·0"."1""2-50 

155.0 

155.0 

151.0 .--_._---..... - .. _--_. -.- .. - ..... _--_._-_ .... _.------_ ..... __ .- .. -..... -._ ... -.. -

-35.0 

-40~O . 

-45.0 

-SO.D 

-55.0 

-60.0 

-65.0 

-70.0 

RctM TEMPE~ATURE 

2 TIMES G 

5 TI1'J.ES G 

10 TIMES G 

100 TIMES G 
... _-----.... ----- .-'- -_.--_._--- .. -

148.0 

142.0 

129.0 

9 / ... 0 

51.0 

18.0 

4.0 

2.0 

23.0 GEHMAN 

-42.0 GEHMAN .-- ---.---- ----.. -

-48.5 GEHMAN 

-52.5 GEHMAN 

-63.0 GEHMAN .. -.. ". -_. ---_._-.. _. .- .. 

-138--- ........ -... -.-.-- - -- -_ .. _-_._--_._._------_. __ . __ ._-_. 

G PSt 

94.0 

112.0 

126.0 

156.0 

230.5 

533.5 

1475.1 

5248.7 
'---.- -- -..... -- - --------.---- -.-- - ---.----- -----

25660.7 

51904.6· 

FLEXURE 

FLEXURE 

FLEXUR.E 

FLEXURE 

FLEXURE 
-"- - - - . 

. 94 .O-··-PSI 

-.189.4 PSI ._,--.".,-._---- -----_ ..... -.. - .---~-------

473.9 PSI 

974.9·PSI 

10312.0 PSI 
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TABLEXXII 
GEHMAN FLEXURE 

ASTM D-lCS3 

_. _- ..-_ -_.. __-_- Blm&K CODE WIRE 

-__.-. ._ ___.___~ __---- -.- --- __$AMPLE~_.W. ._._R_193.?2~ _______.__.________1_.___ _._r_______._._ 
DATE 1 29 75 

_-.-_-_-. .-. .._.. 
A = 0.1250 

-- ------. .-.. .._._ --.-_.__ __ ___.__.___-.- 

B = 0.0750 

,_. __.. . .._ -_.___ .._.. -...-.-..-- MU ..Y. 3 l 34 10. -. _ . . .-. . _-.- -__..__ 
K = 0.1250 

-~~ . _-... - .---_-_ . 

T E ME_.. DE G C .___ ._._._ __. .X DEG 1. G PSI - _-.-. - .- .-.. __-__.. . _... -__ .~.._ 

23.0 152.0 103.9. 

.__ .._.. --.. ..-_._._ _ _-..-. -.. ._. - 
-30.0 136.0 102.4~-- 

-35 l 0 ____.. -. - .-... _. - __ .._.. _. . ..&?8.0 _ .__ _...._ .- .m._229_- t.__ 

-40.0 115.0 318.8 

-45.0 
:_ _._--. ~._ 

90.0 564-d .- 

55.0 .- __. _ _---_ _.Y50 l 0 128 I. 9_... _______ ___ . . . _. ._..._._ 

-55.0 29.0 2936.8 

-60.0 13.0 .~ 
7245,6’ - .----.-- _.-. . ..____-____ ___. 

._- _-- _.^ - _ ._ __-6_5.* 0 __ ._.. ___ .._ _. .._ 3 l 0 ..-.- - . - 3 3278 - f ..-- _ .-__ --.._.. _ ._______________. 

-70.0 1.0 100962.5 

_. .~ ._.___-__.. _----.. - ..-... 

ROOM TEMPERATURE 23.0 

--_.2 TIMES_G -. 
-34.0 

_ ..__. 5 T 1 MES ._.. G -44.5 ~~ ._._ _ _ 

10 TIMES G -49.5 

_~ - _‘--. -. 
100 TIMES G -61.0 

GEHMAN FLEXURE 

GEHMAN FLEXURE 

---._I~_. _- 

103.9 PSI 

211.2 PSI 

GEHMAhl FLEXwE . . . . .5m37,8_ .!?sI... ._._____._._ _. 

GEHMAN FLEXlJRE 1105.0 PSI 

GEHMAN FLEXURk 10639.7 PSI 

~_._ ___--- _^ ._ ___ _.-. 

-141- 

23.0 

-30.0 

=-:3..5_- 0 

-40.0 

-45.0 

-55.0 
.. -- .-

-60.0 

____ :-::..£,'2. 0 

-70.0 

TABLE XXII 
GEHMAN FLEXURE 

ASTM 0-1053 
____ ~B~LACK CODE WIRE.~ ______________________________ __ 

____ 5AM~L f;_NQ • ___ fU 9~2_28 
DATE 1 29 75 

---.. -- ---

A :::: 0.1250 
B ::: 0.0750 

MU :::: 3.3410 
K = 0.1250 

___ X DEG, ___________ G_PS_L _____________________ _ 

152.0 103.9 

136.0 182.4 

128.0 

115.0 318.8 

90.0 564.0 

55.0 1281.9 

29.0 2936.8 

13.0 7245.6 

332] 8. 1___________ _____________ _ 

1.0 100962.5 

-----------------------

ROOM TEMPERATURE 23.0 GEHMAN FLEXURE 103.9 PSI 

2 TIMES G -34.0 GEHMAN FLEXURE 211.2 PSI 

5 T I ME~ ___ G - -_ .. -._".- _ .. -44.5 GEHMAN FLEXURE '. - 53_1._~ __ PS I 
-------. ----- -- . 

10 T H1ES G -49.5 GEHMAN FLEXURE 1105.0 PSI 
"-.~-. '. ~"- - ----- ---.-_. - --------.---.- " .. -.. ---------.--- - -

100 TIMES G -61.0 GEHMAN FLEXURE 10639.7 PSI 
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TABLE xXtm 
GEHMAN FLEXURE 

ASTM O-1053 
BLACK CODE WIRE .____ __ .._ -_- _I_,_.__.- ._.- __,_._,” .,-... _- __I_.__I_._-~-- l...-l_- 

___ _..__WfPLE .,NO- P193?29. .__.__..__,____._ ._ .._ __~._ ____. .____r_______ 
_. _-- - . . _. --_-- -- ___. -.--. - 

DATE 1 29 75 

.-._ .___.-_. - 

__.,_-. 

_._ .- ._.... ._~ _.. _____.._.. _... - - 
A = 0.1250 
B = 0.0810 

MU = 3.1960 ~._ .__ _.__ .~ _..___ . . .._ _... 
K = 0.1250 

~_______. T EM.!?_ LEG C _ ..__ X OEG, .___. .._.G..~SI.._.___.____...~ ._______._. 

23.0 132-O 170.2 

_-___._. -... _. _- __.. - 
-30.0 115-o 264.5 

._?_LQ __ ..-__.- . -111 l 0 -- -. ._. -.__ ? PO_? t?_..__._-___ __ _________. ___.__.__ _._- .-. 

-40.0 101.0 366.1 

-45’. 0 

_. .._. _._. _. 7.5.0: 0 

-55.0 

62.0 

38.0 

890.8 . __ _ _ __..____.._-... - 

1749.0 

__-- __ 
-60.0 

.~ -_ ..- -.. ._-__ ,_..______ .- 
-- - 19.0 ~$966.2 

_dci4 _____ __ __ _. 6 l 0 ~. ._ _ ..13573,8..-_.__.__w.____.. I___ ._,-_-- ._.- _ ___-_-___ . 

-70.0 2.0 

_ _I_--. ,.. .____.-_ __.__ .--. .-.... 

ROOM TEMPERATURE 23.0 

-.-___ _ ~..__ _.._ - ..__ .__.__.-. 
2 TIMES G -39.5 

_____5~ TIMES G -50.0 _.. 

I 10 TIMES G -55.0 

106 TIMES‘% ..- -66.5 

._-___-.. _ .._ __-._- -.._._ 

41657.7 

. _ _- ____ -.-_-_-._-.__. ~.__. 

GEHMAN FLEXURE 170.2 PSI 

._. -.._ _--... ._ . . ~.---_-.-- 
GEHMAN FLEXURE 344.8 PSI 

GEt+MAN FLEXURE .~_. . . 8?5,8_PSI . .._____~_._..~. 

GEHMAN FLEXURE 1762.2 PSI 

GEHMAN FLEXURE 17550.7 PSI 

_~ . .._.. ..--__.-. ._ _.__ .-_--_ -_ 

.___ _-- .I.. _______-.--_~ 

TABLE XXIII 
GEHMA~ FLEXURE 

ASTM 0-1053 
. ___ ... ,. .... _._. __ ._ ...... _ .. _~.~~!<_~rm~_~J.B ... E 

....... __ .~AMPLr:Nq.. R 193229. 
DATE 1 29 75 

T EMP __ J)EG C 

23.0 

-30.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

.. .-::.22.!J~ 

-70.0 

A ::: 0.1250 
B ::: 0.0810 

t1U ::: 3.1960 
K ::: 0.1250 

X DEG, 

132.0 

115.0 

111.0 

101.0 

87.0 

62.0 

38.0 

19.0 

6.0 

2.0 

. ROOM TEMPERATURE 23.0 GEHMAN 
. -.----- -~-- .. -- ''"~.------- .. 

2 TIMES G -39.5 GEHMAN 

5 TIMES G -50.0 GEHMAN 

10 T I r.,ES G -55.0 GEHMAN 

100 TIMES G -66.5 GEHMAN 

-. __ .- ~--.--. .. .-.. -.~- - '.-

-144-
-------_._---_. __ . 

G PSI 

170.2 

264.5 

29.0 .• 9. _ .. __ .. ____ ~._._. ___ .. __ . 

366.1 

500.3 

890.8 

1749.0 
--- -~ .. ----~ ._--_.,--------_.-

3966.2 

41657.7 

FLEXURE 170.2 PSI 
--.. -'-~----~ .. - ----~-. -- -.- ... - ... -~.-------

FLEXURE 346.8 PSI 

FLEXURE '. 87?.JLPSI . .. .. ~-----~-- --_. 

FLEXURE 1762.2 PSI 
- - .. - -.-~-.---- .-

FLEXURE 17550.7 PSI 

. ................... ----.. -- ..... ---
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Figure 12 

GEHNFINFLEXURE 
HSTM-D--1053 

SW!PLE NOG 9194344 
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~ 
\ 

\ 
k 
\ 
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\, 

DATE 2 20 75 
Figure 12 

GEHMRN. FLEXURE 
R 5 T M - 0 -. 1 05 3 

SR1"1PLE [\j 0 R194844 
[!J TEMP R () 0 [,1 - 23~O _., 

~ TEMP 2 X G - -38<0 -" 

<Y TEMP 5 X G .. - -47.0 --
(2) TfJ1P 10 X G - - 51 L 5 -. 

~ TEMP 100 X G -- -62.5 _0 

I 
20, 

-146-
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TEMP DEG c 

23.0 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

-65.0 

-70.0 

ROCM TEMPERATURE 

2 TIt?ES G 

5 TIMES G 

LO TIMES G 
. 

100 TIbfES G 

TABLE XXIV 
GEHMAN FLEXURE 

ASTM D-1053 
BLACK CODE WIRE 

SAMPLE NO. R194044 
DATE 2 20 75 

A = 0.1250 
B = 0.0720 

MU = 3.4170 
K = 0.1250 

X OEGv G PSI 

145.0 150.4 

130.0 239.7 

121.0 303.9 

112.0 378.4 

95.0 557.7 

64.0 1129.8 

31.0 2996.0 

11.0 9576.7 

3.0 36777.0 

1.0 L11577.7 

23.0 GEHMAN FLEXURE 150.4 PSI 

-38.0 GEHMAN FLEXURE 307.2 PSI 

-47.0 GEHMAN FLEXURE ,. 780.3 PSI 

-51.5 GEHMAN FLEXURE L60b.6 PSI 

-62,s GEHMAN FLEXURE 16864.0 PSI 

TEMP DEC C 

23.0 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

-65.0 

-70.0 

ROCM TEMPERATURE 

2 TIMES G 

5 TIMES G 

10 TIMESG 

100 TIMES G 

TASLE XXIV 
GEHMAN FLEXURE 

ASTM D-1053 
BLACK CODE WIRE 

SAMPLE NO. R194844 
DATE 2 20 75 

A = 0.1250 
B = 0.0720 

MU = 3.4110 
K = 0.1250 

X DEG, 

145.0 

130.0 

121.0 

112.0 

95.0 

64.0 

31.0 

11.0 

3.0 

1.0 

G PSI 

150.4 

239.7 

303.9 

378.4 

557.7 

1129.8 

2996.0 

9576.7 

36777.0 

111577.7 

23.0 GEHMAN FLEXURE 

-38.0 GEHMAN FLEXURE 

150.4 PSI 

307.2 PSI 

-47.0 GEHMAN FLEXURE 

-51.5 GEHMAN FLEXURE 

-62.5 GEHMAN FLEXURE 

'. 780.3 PSI 

1606.6 PSI 

16864.0 PSI 
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Figure 13 

GEHMRN TWIST VS TEMPERRTURE 
ASTM-O-" 1 053 

SRMPLE NUn R194845 
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Figure 14 

GEHiWlN FLEXURE 
OSTM-D-1053 

SFMPLE NOG Rl94.845 

I 
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TEMPEEQT& ruf!G Cf 

20 - 40, 

-149- 

en 
--., 

-
.-J 
,r--
'---' 
r-~ 
'--, 

L 

..,..---=-J 
':\ --t 
cn-~ 
;" ....; 
~~~ 

! 
.. -i 

- I 
--:~ 

1-' I 
-~ 

i 
I 

t~1 

,-, I 
C) I 
T-' I 

DATE 
Figure 14 

GEHi1RN FLEXURE 
R 5 T M - 0 -- 1 0 53 

2 20 75 

SR~lPLE NO c R194845 

\ 
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TABI XXV 
GEHMAN FLEXURE 

ASTM D-1053 
BLACK CODE WIRE 

SAMPLE ND. Rl94845 

OATE 2 20 75 

A = 0.1250 
B = 0.0740 

MU = 3.3640 

K = 0.1250 

TEMP GEG C X DEG, G PSI 

23.G 138.0 177.4 

-35.0 127.0 243.3 

-40.0 118.0 306.4 

-45.0 100.0 466.5 

-50.0 62.0 1109.9 

-55.0 32.0 2697.2 

-60.0 12.0 8164.7 

-65.0 4.0 25660.7 

-70.0 1.0 104392.4 

RCCM TEMPERATURE 23.0 GEHMAN FLEXURE 177.4 PSI: 

2 TIMES G -42.0 GEHMAN FLEXURE 359.6 PSI 

5 TIMES G -49.0 GEHMAN FLEXURE 887.8 PSI 

10 TIMES G -53.0 GEHMAN FLEXURE ..1796.2 PSI 

. 
100 TIMES G -63.5 GEHMAN FLEXURE 18680.9 PSI 

-1yb 

TEMP DEG C 

23.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

"':60.0 

-65.0 

-70.0 

ROOM TEMPERATURE 

2 TIfJES G 

5 TIMES G 

10 TIMES G 

100 TltJES G 

TABLE XXV 
GEHMAN FLEXURE 

ASTM 0-1053 
BLACK CODE WIRE 

SAMPLE NO. R194845 
DATE 2 20 75 

A = 0.1250 
B = 0.0740 

MU = 3.3640 
K = 0.1250 

X DEG, 

138.0 

127.0 

118.0 

100.0 

62.0 

32.0 

12.0 

4.0 

1.0 

G PSI 

177.4 

243.3 

306.4 

466.5 

1109.9 

2697.2 

8164.7 

25660.7 

104392.4 

23.0 GEHMAN FLEXURE 

-42.0 GEHMAN FLEXURE 

-49.0 GEHMAN FLEXURE 

177.4 PSI 

359.6 PSI 

887.8 PSI 

-53.0 GEHMAN FLEXURE .. 1796.2 PSI 

-63.5 GEHMAN FLEXURE 18680.9 PSI 

-150-
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Figure 15 

GEHMRN TWIST VS 
RSTM-O--1053 

SRMPLE Nuu R194846 
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UFlTE 2 20 75 
Figure 1.6 

GEHMCW FLEXURE 
RSTM-U-1053 l,-' 

o 

\ 
~ 
\ 
\ 
'f< 

\ 
~ 

\ 

DRTE 2 20 75 
Figure 16 

GEHMRN FLEXURE 
R5TM-D-1053 

SR~1PLE R194846 
[l] TEf"lP RGOf"l - 23.0 -
L!.\ T E M P 2 X G -- -33.5 -
<!) T E M P 5 X G - -45.0 -. 

C) T E 1~1 P lOX G - -50~S -

~ TEMP 100 X G - -64.0 -
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TABLl3 XXVI 
GEHMAN FCEXURE 

ASTM D-1053 
BLACK CODE WIRE 

SAMPLE NO. R 194846 
DATE 2 20 75 

A = 0.1250 
E = 0.0840 

MU = 3.3180 
K = 0.1250 

TEMP DEG C X OEG, 

23.0 

-20.0 

-25.0 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

-65.0 

-70.0 

115.0 

96.0 

91.0 

87.0 

77.0 

66.0 

53.0 

31.0 

15.0 

6.0 

2.0 

1.0 

G PSI 

220.4 

353.7 

395.3 

432.1 

540.7 

698.2 

968.6 

1943.0 

4446.7 

11723.3 

35978.5 

72361.2 

ROOM TEMPERATURE 23.0 GEHMAN FLEXURE ._ 228.4, PSI 

2 TIVES G -33.5 GEHMAN FLEXURE 457.9 PSI 

5 TIMES G -45.0 GEHMAN FLEXURE 1155.2 PSI 

10 TIMES G -50.5 GEHMAN FLEXURE 2293.7 PSI 

100 TIMES G -64.0 GEHMAN FLEXURE 23256.0 PSI 

TEMP DEG C 

23.0 

-20.0 

-25.0 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

-65.0 

-70.0 

RGGM TEMPERATURE 

2 Tlt"ES G 

5 T H'ES G 

10 T Ir-: ES G 

100 TIMES G 

TABLE XXVI 
GEHMAN FLEXURE 

ASTM 0-1053 
BLACK CODE WIRE 

SAMPLE NO. R194846 
DATE 2 20 75 

A = 0.1250 
B = 0.0840 

~lU = 3.3180 
K = 0.1250 

X oEG, 

115.0 

96.0 

91.0 

87.0 

77.0 

66.0 

53.0 

31.0 

15.0 

6.0 

2.0 

1.0 

G PSI 

228.4 

353.7 

395.3 

432.1 

540.7 

698.2 

968.6 

1943.0 

4446.7 

11723.3 

35978.5 

72361.2 

23.0 GEHMAN FLEXURE '. 

-33.5 GEHMAN FLEXURE 

228.4 

457.9 

-i.5.0 GEHMAN FLEXURE 1155.2 

-50.5 GEHf-1AN FLEXURE 2293.1 

-64.0 GEHMAN FLEXURE 23256.0 

-153-
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PSI 

PSI 
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Figure 17 

GEHMRN TWIST VS TEMPERRTURE 
ASTM-O-·l053 

SRMPLE N(J~ R194847 
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Figure 18 

GEHMRN FLEXURE 
RSTM-O--I053 

SRMPLE NO c R194847 
[2J T[i1P ROOM - 23.0 --

~ T[MP I, X G - -1 .5 L _. 
~ T[[viP 5 X G - -32.0 --
C) TEMF 10 X G - -42.S -. 

X TEMP 100 X G - -62.0 __ I. _. 

~ 
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TABLE XXVII 
GEHMAN FLEXURE 

ASTM D-1053 
BLACK CODE WIRE 

SAMPLE NO. RI.94847 
DATE 2 20 75 

A = 0.1250 
R = 0.0820 

MU = 3.1700 
K = 0.1250 

TEMP DEG C X DEG, G PSI 

23.0 126.0 194.9 

-15.0. 79.0 581.5 

-20.0 78.0 594.8 

-25.0 74.0 651.5 

-30.0 58.0 956.7 

-35.0 45.0 1364.5 

-40.0 ' 37.0 1757.9 

-45.0 33.0 2026.1 

-50.0 la.0 4093.6 

-55.0 11.0 6988.1 

-60.0 5.0 15919.6 

-65.0 2.0 4048L.5 

-'70.0 1.0 81417.8 

-. 

ROCM TEMPERATURE 23.0 GEHMAN FLEXURE 194.9 PSI 

2 TIYES G -1.5 GEHMAN FLEXURE 394.3 PSI 

5 TIMES G -32.0 GEHMAN FLEXURE 988.4 PSI 

10 TIRES G -42.5 GEHMAN FLEXURE 1995.5 PSI 

100 TIMES G -62 .o GEHMAN FLEXURE 20857.3 PSI 

. _-_.. .- ;-156- 

TEMP DEG C 

23.0 

-15.0 . 

-20.0 

-25.0 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

-55.0 

-60.0 

-65.0 

-70.0 

ROOM TEMPERATURE 

2 TIf'lES G 

5 TIMES G 

10 TIMES G 

100 TIMES G 

. .---....... 

TABLE XXVII 
GEHMAN FLEXURE 

ASTM 0-1053 
BLACK CODE WIRE 

SAMPLE NO. R194847 
DATE 2 20 75 

A 
B 

MU 
K 

= 
= 
;: 

= 

0.1250 
0.0820 
3.1700 
0.1250 

X DEG, G PSI 

126.0 194.9 

79.0 581.5 

78.0 594.8 

74.0 651.5 

58.0 956.7 

45.0 1364.5 

37.0 1757.9 

33.0 2026.1 
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cure 

flexibility indicnted above the 
this investigation: Tensile 
- 125'i~, 100% modubls - 800 psi, 

, i 

:::n addi tioD to the 1,)11; temper<1t lJre 
fo1.10'.dng target: values )"'ere adoptee. for 
strength - 1500 psi, elongation at break 
Shore h~rdness - ~n. co~rr~s8ion set (70 

j 
i 
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I 

This investigation was conducted under ContrJ.ct No. DAAG46-74-C-0066 
frcl::t :l"le U. S. f,.'rmy Ilateri3.1s aud Hech5tnics Research Center~ Hatertm,m, 
!hssacr.uset tG 021?2~ The ",ffects of reir:.forcing agents, vulcanization 
ase::-:.ts ar:.d stc,l)ilizen:; on, cOi:1pound properties "Jere investigated. Efforts 

¥ weI';: w.:tde to (;pti::::ize curing tim3S .<Ind t(~mperatures; stress--strain proper-
t ties; hardness; compression set; tear nnd abr\3sion resisbnce; fluid t Hater, 
i st03l7: !::nd ?c5..d. rer:list;::!1ce 1 ~md 10N te!:lperature fle~d.bility. 
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I:>:: addi tio::l, the SeCll G:::'OllP of PRrker H.::mnifi:1 fabricated O-ring seals 
:from selected stcd::s rmG conducted dynamic extrusion flr:.d chew tests on the 
seals.. ~8se tests showed the ~},,"st phosphc:1itrilic fluoroe1astor.1er O-ring 
cOi7lpou~d to be the following: Pol:yt.ler K-1763.'3 - 100.0 parts. Quso W};82 
30.0 ~arts, S~~n P3g ELC - 6.0 parts, Stabilizer - (8HQ)Zn - 2.0 parts, 
Unio!l Carbide Silane A-151 - 2.0 parts and Vulcup R - 0.4 parts. This 
for~ulCtti0n efforded the b~st bolDnce of stress-strain properties, hardness~ 
cor:'r;::ressioTI set :Lesisbl!1ce, hydraulic fluid resistance A.nd he<'tt resistance. 
O-ri.::gs :':1bric!lt,~d frOM this fr)I'rnulRtion should be serviceable for extended 
r:~Lrne5 o"'ter th.e temp6:,ryt'u~e rang8 of -70'~F to .35<jO}-' (-57°C to 17'7°C). 

less 
::J. ::"('l,-lf;""a studi.es 9xverinlents '.;'ere cond1Jcte(~ on the coating of stain

steel cable '-,Ii th 'Chos}~ho::li trilic fluoroelRstcr:1er compounds. A good 
quali-:7 cOolting of G'Prroxir."'!.t'21y 0.031" thickness ",as obt:-;tineo. by passing 
the c~:;:e through t:' crossh.;?ad extruder followed b:/ vulc,-:tnization of the 
coatii:!5 f.Jr'l ninute ~~t 392~)F (stear.l). 

~:-l<)snhonitrilic fluoroelastomer cOClpounds show liI:1i ting oxygen index 
(LOl) tt~l'...:;:;s of 50-60 depending on the type and level of filler incoryor-
a tec~_ in tl1e compounds~ '~C:'1ese high LOi values add still another dimension 
to the "ipplicn.bility of phosphonitrilic fluoroelastomers in highly sophis-
tic;te~ environments. 

'J:'his investigation h::-tS cle3rly estrtblished th"'_t phosphoni trilic 
flt:0r;,)2'lastom2!'s D-"'lVe poteil'cial for applica tions demanding extreme 10..., 
t<}r:~'~2r:1 tun: f1e:;,:i hili ty, outstanding fluid :::-Gsist£l.nce ~ good he.:1 t resistance 
end good d~'n"mic pnj1JertieG. O-ring sea,ls Elre one such !1pplicn tion for 
Hhich no €xisting cornrn0rcial elnstomer currently has met the full range of 
propATti'3G reqUired. 
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